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PREFACE 


In many mining districts no provision is made for the 
instruction of the minor in the subjects of his calling or in 
the rules framed for his safety. Classes for the [ireparation 
of candidates for the Mine Managers’ Examinations are 
indeed h^ld, but these, being unsuitable for the needs of 
the ordinary worker, t are attended only by those whose 
ambition prompts them to seek to better their position. 
Happily, in accordance with modern ideas, a better system 
seems likely to bo generally inaugurated, and under it all 
boys entering a mine will receive some training in the prin- 
ciples underlying their work, and such instruction as will 
tend to reduce the dbplorable number of fatal and serious 
non-fat|l accidents. * 

In the present book, intended specially for boys from 
twelve to sixteen years of age, the writer, while, it is hoped, 
dealing fully with such matters as directly concern the 
worker, has not confined himself to these, believing that*to 
give the pupil a little insight into .some of the difficulties 
• connected with mining could not but increase his interest 
and broaden his outlook. As far as management is con- 
cerned, care has been taken not to recommend one practice 
as being bettor than another. It is hoped that the book 
will be found suitable as a “readef”, the teacher by oral 
questioning and by demonstrations satisfying himself that 
the matter is thoroughly understood. 

The pra^j^cal work of a dass should be done very thoroughly. 
Thus, in the case of safety lamps, the pupils should take the 
lamp tjjj “pieces^’ and fix it up again as often a^ is necessary, 
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and Le should learn thoroughly uses of the different parts. 
He should also learn how to clean the lamp and how to test 
for gas. Again, in dealing with blasting, much valuable work 
can be done. 

Many things may be made by the pupils, such as plumb- 
bobs, shaft fittings, &c., and pupils are delighted to engage 
in such work as taking “the sights”. In teaching (leology, 
“specimens” should be produced as often as is necessary, 
and little outdoor excursions should be made occasionally. 
It should not be forgotten that the pupil may find this 
subject a source of much interest in after life. 

^ A copy or copies of the Coal Mines Kegulation Act, Special 
Rules, and Explosives Orders, as well as a copy of the District 
Mine Inspector’s Report, should })e in every school or class. 
Some references to the General Rules are made in the text. 
The General and Special Rules should be taken together and 
studied with the matters to which they refer, not read straight 
through. 

In conclusion, the writer has to thank the Controller of 
His Majesty’s Stationery Office for permission to use figs 1, 
2, 3, while to A, Sopwith, Esq., he is greatly indebted for 
kindly giving him leave to reproduce a few of the excellent 
photographs taken by him, figs. 93, 94, 101, 124, 136, and 
1Q^7. A few illustrations have been taken, by permission, 
from the Gresham Publishing Co.’s excellent book, Practical 
Coal Mining, while the bulk of the other illustrations are the 
property of the publishers, to whom the writer is much in- 
debted for their use. 

A. F. 


»A copy of the Coal Mines Act, 1887, and of each subsequent Act, Explosives 
Orders, ifcc., may be obtained from the Government publishers, through any book- 
seller, for a few pence. An abstract of the Act and copy of the Spet^ Buies must be 
posted in a conspicuous pince at or near the mine, and a printed copy of abstract 
and Special Rules supplied gratis to eacl> person employed who appHw for sanw At 
the pay office. 
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CHAPTER 1 

INTKODIiCTOKY 

To the Young K(uidcr — Use.s, lni|K)rtance, ami Distribution 
of Coal — Fi.st Use of Coal'-C’omhtion of Mining Population 
m Past 'J'lnK's 

1. To the Young Reader.— I »i iliiH little book there 
will be found exj)Iaine(l what coal is, liow it comes to 
be buried in the ground, how it i.s dug, and how it is 
brought to the surface, together with many other things 
necessary to make.the whole matter very plain. 

The objt'ct of the book is to enable the young pitman 
to understand his surroundings in the mine, and the 
nature of all collieiy operations. Formerly boys be- 
ginning work underground were not taught anything 
fe in school or class concerning the.se matters, and had to 
pick up their information in the mine itself. That was 
very hard on the boys, and it had the further great 
disadvantages that many things in tlie mine could not 
possibly be understood, and others* could only be learnt 
in a “ rule of thumb ’’ way. 

The modern method is, then, the better. Under it 
our training is divided into twu parts: the 'practical 
part, received in the mine itself, and what is essential 
for, tke^effiewnt performance of ike 'practical part — 
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soiiffetiines termed the theoretical •part — received from 
books such as this, and in school or class. 

In past times boys were left to learn what they could 
in the mine, because people had not rc'co^xnized the value 
of that (education (generally called technical education) 
which enables a person to understand the reason of 
things, and therefore to think correctly about things 
and to apply his energies to the best advantagt;. But 
its advantages are known fully to the people of the 
pr(‘.sent day; and not only are means provided for the 
technical education of all classes of workmen recpiirirlg 
.spc'cial skill or care in tlu^ excn-cisi' of their vocation, but 
each individual v.s coi'pected to make himself as proticic'Ut 
as possible in whatever occupation ho may folhAv. If 
he does not do that, then his value as a workman is less, 
and he fails in his duty both to himself and lus country. 

The young reader should k(*ep tins in mind as the 
chief reason for studying the subject; though learning 
the Pri/nciplett of Mining (or general fundamental 
truths) is really a pleasure, they ai-e so attractive in 
themselves, and in many cases of such a general nature 
as to appeal to eveuyone, whether connected with mining 
or not. 

Then when we have completed our studies, so far at 
any rate as hook and class are concerned, what an 
amount of interest is imparted to our labours and sup 
roundings in the mine, as we constantly seek to apply 
our knowhidge! This, obviously, could .never be the 
case if we knew nothing of the causes of things, and 
were content to perform our tasks without intelligence 
and without thought, like mere human machines. 

The young reader now understanding a^ttle as to the 
object of his studies, something may be said concerning 
the uses of coal, and the other subjects enumerated at 
the beginning of the chapter. 
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2. Uses of Coal. — The oulstanding use of coal is,* of 
course, as a fuel, or means of producing heat. The pur- 
poses for which heat, derived from the burning of coal, 
is rcHjuired are many and varied, and need not be 
mentioned here. But we can realize the importance 
of coal as a futil if we try to picture to ourselves what 
our homes would b(‘ like without their cheerful fires. 
If we felt cold and hungiy, from what source would we 
obtain the lu'.at necessaiy to warm ourselves, and by 
what means would our mothers be able to cook our 
food. Again, if tluu-e w(‘re no coal, how could those 
great engijies which we see daily i‘ushing through the 
country move tlieinselves, not to sj)eak of drawing trains 
of wagons — how, indeed, could the eiigines themselves 
be built. 

Plainly, then, coal is lujcessary as a substance that 
may be burnt and produce heatf but while that is so 
•it must not be forgotten that it has other uses. Thus 
from coal coal gas is obtained, and from the coal tar 
produced in the maimfacture of the coal gas different 
substances are made, including many brilliant dges. 

3. Importance of Coal. — It is easy, tlum, from what has 
been said, to understand the importance of a large supply 
of coal to a gi'eat naval power and manufacturing nation 
like our own. Fortunately the amount of this precious 
Substance stored up in our little island is very great. 
But the amount produced, or the output as it is called, is 
also very great. No fewer than 260 million tons of coal 
are nbw raised annually in this country from the bowels 
of the earth, giving direct employment to nearly one 
million persons. A few years-ago people became alarmed 
at the rapid ^minution^of our coal supplies, and Parlia- 
ment appointed a Royal Commission to enquire into the 
extent of these. This Commission complete its labouis 
in due CK^rse, and happily there is no reason to believe 
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that our stores of coal will be exhausted for hundreds 
of years to eonie Old districts will he work(;d out, but 
iKiw ones will b(‘ tapped, and deeper seams opened up. 
At the same tiiiu^ it must be borne in mind that our 
supplicvs are not inexhaustible, and that some day our 
dt‘scendants will be faced with th(‘, problem of having to 
find a substitute for coal. ^ 

Britain was foimeily the hugest coal - producing 
country in the world, but now ranks second to the 
United States of America. N('xt to Britain comes 
Germany. The world’s annual output of coal is now 
over nOO million im'tric tons ^ 

4. Distribution of Coal. —By this is meant the occur- 
nmce of coal in ditierent })arts of the world. It need 
only b(5 said here that coal is found in gixiatei’ or smaller 
amount in most countries. Countrit's which luive either 
no coal 01 * an amount too small for their needs are 
supplied from others which have abundance. Thus a 
large part of the output of Britain is carried in ships 
to foreign parts, giving employ*-nent to more men and 
adding to the wealth of the country. But of course the 
coal sold in this way is helping to deplete our stores and 

, can never be replaced. 

In connection with the occurrence of coal we must 
notice that although a country has abundant supplies, 
yet these are not spread over the whole land, but a'^te 
found in patches or “fields”. The reason for this will 
appear in chap. xvi. 

5. First Dse of^Coal. — People in this country are so. 
accustomed to the presence of coal that they are in 
danger of thinking it must have been largely used in 
all times. Such an assumption woul^ however, be 
wrong. It was only after the applicatipn of steam 
pdwer to machinery that coal began to be used in large 
quantities. Previous to that there was nb need foi^ 



INT#ODUCTORY 


‘5 


very large supplieR, and, even if there had been, it was 
impossible to obtain them without steam; because, for 
on(^ thing (chap, xl) the mines liad to be kept free from 
wattir. The work of James Watt on tlie steam engine 
enabled this tf) be done ; and, with the extension of 
steam powej- to all .sorts of pui'poses, the demand for coal 
•ineieased rajjidly and has continued to gi'ow avuv since. 

The date wlnm coal first began to be emj)l<)y(Hl as fuel 
IS uncertain. In the (‘arliest tini(‘S wood was the sub- 
stance gem'rally uscsl in all countries; and where that 
was scarce, as in some parts of Egypt and Imlia, other 
mat('rial hati to be substituted. 

Britain, it is believed, was the first Europ(*an country 
to use coal to any considerable extent. Some people 
think it was employed by the ancient Britons, and that 
the Romans learnt about it from them; but however that 
may bo, coal, it is stated, was in use as early as 852. 
Between 1210 and 1219 a coal pit at Preston, Hadding- 
ton, was granted to the monks at Newbattle, while in 
.230 Henry III grante'^ to the freemen of Newcastle- 
»n-Tyne a licence to dig coal. 

In London, coal was for a long time known as sea 
oal, because imported by sea. It began to be employed 
here about the end of the thirteenth century, but its use 
regarded as injurious to healtli. In 1306 Parlia- 
nent portioned the King to prohibit its employment, 
md this was accordingly done. Wood, however, was 
■ery costly, and coal soon came into general use. 

The following quaint reference to 4he use of coal in 
Scotland in the early fifteenth century is made by 
Eneas Sylvius, an Italian, who visited Scotland and 
vrote an account of hi,s« travels. He says : “ In this 
!Ountry I saw the poor, who begged at the church doors, 
l6j)art with joy in their faces on receiving stones aa 
ilms. This stone, whether by reason of sulphurous or 
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some fatter matter which it contains, is burned instead 
of wood, of which the country is destitute/’^ 

fj. Condition of Mining Population in Past Times. — The 
young reader has already learnt something of the great 
advance that has taken place in the education of miners, 
and similar changes liave occurred in other respects. In 
the early days of the coal-mining industry the colliers* 
were vii-tually slaves or serfs, not being allowed to 
remove from the phices of their birth. In later times 
they were given tlndr freedom, but tlieir lot cannot bo 



said to have been much improved. The women and 
children as well as the men worked in the mines; and, 
* so long w('re their hours of labour, they scarcely ever 
saw the light of the sun. Besides the long hours, the 
mines were badly \’entilated and the roads often covered 
with water. The boys and girls were frequently ill- 
treated and set such hard and cruel tasks as sometimes 
to result in deformity. Figs. 1-d illustrate the kind of 
work performed the poor women and children. A 
common age for boys and girls to begin work under- 
ground was seven and eight years, but instances are 
known where children even three yeank of age were 
taken into the mine and made to hold candles while 
their fathers were at work. Under these conditions no 
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attention could be paid to education, and boya and girls 
grew up quite ignorant of everything they should know. 
No wonder, then, the mining population was wild and 
superstitious, and mining considered one of the most 
inferior of occupations. 

Happily this state of affairs has long ceased to exist, 



Fig. 2.— Women Carrying Coala up Ladders 


and may be regarded as belongings to the “dark ages" 
of the industry. Mines are now well ventilated, and 
with the modern machinery at command there is no 
need for th€ primitive methods of removing the coal 
adopted in early times. Moreover, the hours of labour 
are corajiaratively short; and with the improved con- 
ditions of work, better pay, better education, and long 
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intervals for rest and play, the young pitman of the 
present day will see that lie lias been born in happier 
and better times than the mining youths of tlie past. 

In 1842 an Act of Parliament was passed prohibit- 
ing the employment of women and girls underground, 
and raising tin' entrance age for boys to ten years, 



Fig 3 —Boy Dragging Coul Tult, with Caudle-holder, Skull-cap, and On die 


though boys under ten already at work in the mine 
were allowed to remain. In later ypars the limiting age 
for boys was raised to twelve, and enow no boy can 
begin work in a mine until he is thirteen years of age, 
and then only under certain conditions. 


CHAPTER II 

THE INTERIOR OF THE EARTH 

Shape and Size of th^ Flarth— Crust of the Earth— Geology 
and Geologists — Movements of Rocks. 

In this and following lesson we shall hav%- to enquire 
as to the nature of the interior or inside of the earth. 

7. The Shape and Size of the Earth. — In regard to the 
shape of the earth we must note that it is roimd, and 
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lot flat as was form rly believed to be the case. tJon- 
2 ernin^ the size, it is very important to realize that the 
i'arth is an extremely large body. We say that its 
iiameter is nbont (SOOO miles. This means that if we 
iould bore a liole right througli the earth, and (lien 
measure the ]<moth of th(‘ liole, we should find it to 
t>e about HOOO miles. Halfwa}^ through the hole, or 
1000 miles from either mid, would be the centre of the 
iarth So the distance from the surface to the centre 
if the eaitli is about 4000 miles, 

S. The Crust of the Earth. — Now no person knows 
inything# as to the nature of the earth to a greater 
fepth than about 20 miles. Twenty mik's is not much 
in fouT’ thousand. It is a great deal less in proportion 
dian is the thickness of the skin of an orange to half 
:he orange. Yet the statement is (juite true. Man 
knows something about the inside of the earth down to 
i point about 20 miles below the surface, but of what 
is underneath that he can only guess. The part of which 
!ie has learnt something, it will be seen, forms a mere 
diell or rind. It called the crust of the earth. 

Now, although 20 miles is a small fraction of the 
iistance to the centre of the earth, it is a great tribute 
bo mans powers of observation and reasoning that his 
knowledge of the interior should extend so far. He 
is only able to see the rocks to depths of about one 
mile, yet it is from what comes under his personal 
ibservation that he can tell what lies below. 

9. Geology and Geologists. — The^earth is a very much 
flder body than people are apt to think. It is known 
bo have been in existence for millions of years, and to , 
iiave undergone grqit changes. It has therefore a 
‘story” or history, and the science or branch of know- 
ledge that deals with that history is called geology. 
Men wfio are skilled in geology are known as geologists. 
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It is geolo^nsts, then, who hiid out things concerning 
the history of the earth. Rocks, of course, occur every- 
where on the surface of the earth (some in huge irregular 
masses, and some in regular beds or layers), passing 



Fig. 4. -The Great Caflon, Colorado 


down into the earth and under the sea— the sea occupy- 
ing hollows in the land. Geologivsts examine the rocks 
wherever they are to be seen, visiting suclf* places as 
quarries, railway cuttings, sea cliffs, ravines, wells, the 
shafts of deep mines, &c, and noting the appearance 
of the beds, their nature, arrangement, &c. 
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Fig. 4 shows how geologists are enabled to become 
acquainted with the rocks for considerable depths. The 
Great Canon of Colorado is at places over GOOO ft. deep. 

Geologists also obtain information as to the rocks 
from lioles bored deep in the ground, and from the 
matcTial discharged from volcanoes. 

10. Movements of Rocks. — Noav, by examining the rocks 
in the places named, and, as has been indicated, not merely 
in this country but in all countries, geologists became 
aware that the beds do not usually lie evenly, one above 
the other, like the coats of an onion, but, having been 
uphea^d, are, in most places, bent, folded, and broken, 
often in the most remarkable ways (tigs. 23-6). 

The cause of these upheavals, and of the other move- 
ments of the rocks in the earth s crust, wdll be explained 
in a future lesson, but as a result of them, and also of 
the wearing away of the earth’s surface, beds are found 
which, if arranged in a vertical pile, one bed regularly 
on the top of another like the coats of an onion, would 
form a column aWout 20 miles thick. Hence it is that 
man is able tolell something about the interior of the 
earth to as great a depth as 20 miles, little as that is 
compared to the total distance to the earth’s centj;e. 

Hut we must not think that it would do to arrange 
the rocks in the pile in any order. Of course no matter 
what beds might be placed above other beds the total 
thickness would be about 20 miles; but, as will be seen 
further on, the making of the beds of rock forming the 
earth’s crust has gone on at alj times, some being pro- 
duced during one period of time and some during 
another, and to have them in their proper position 
in the i<He. then the older or first-formed beds ought 
to be at the bottom, the next oldest on the top of these, ^ 
and jso on, up to the newest or most recently formed 
rocks at the surface. Fortunately geologists have learnt 
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to toll tlie ages of the (]iftereiit beds of rocks compared 
one with another- (tliough they cannot tell their actual 
a^^es), and so are able to say which beds would be 20 
miles down and which at other jrarts of the pile, just as 
if all the b('ds were lyini]^ in the earth’s crust accoT-dinj^ 
to the time they w(‘r(i formed, and th(‘y could s('e them 
right from the top to the bottom. How it is possible 
for geologists to do this we shall learn in chap, xv 


CHAPTER TII 

THE TNTEinOR OF THE on fumed) 

Internal 1'i'ni])eraturt* of tlic I'larth -State of the Interior — 
Liquid or Solid — Proofs of the Internal Heat of tlie Earth — 
Parts of the Interior may he Liquid. 

11. Internal Temperature of the Earth. — As the lii st part 
of the present lesson we must see why the ptirt of the 
earth with which man is actjuainted is^alled the “ crust 
of the earth”. People do not usually speaPof the “ crust” 
of anything unless it has a liard outer and a soft inner 
part.^ Well, that is what was at one time believed about 
the earth — that it had a hard outer part (the crust) 
and a soft inner part (the part inside the crust). What 
led to this belief was the high temperature of the 
earth’s interior. 

It is certain that the earth is very hot inside. This 
is not apparent at the surface, becaiise the rocks there 
are at the same temperature as the surrounding air. 
Npr would we notice any difference if we were to dig 
a few feet down into the ground. But if we%dug far 
enough down a difference would be perceived. It is 
found that the farther we descend into the earth the 
hotter it becomes. ^ 
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At from about 60 to 80 ft. below the surface of flie earth 
ill temperate regions a zone or belt of rocks is reached, 
tile temperature of wliich is alway the same. This is 
termed the “zone of con.stant temperature”. From the 
surface down to this zone tlie temjierature varies accord- 
ing to the season of the y(*ar. In cold weather, there- 
fore, the rocks forming this part will be at a lower 
temperature, tlian in warm weather. This is shown 



a, At bottom of borehole; b, midway in boiehole; c, in cavity at side of shaft. 

The black bands represent pluKs, whicli prevent tiie circulation of water. 

during times of severe frost by tlie ground becoStiing 
very hard and difficult to dig into. 

Below the zone of constant temperature the rocks, 
as already mentioned, get hotter with the depth. By 
taking readings of the thermometer at different depths 
(%■ geologists have ascertained the amount by which 
the temperature increases for 'a given distance down 
into the earth. It is not the same everywhere, but ma^ 
be takei^ to be roughly about I'" F. for every 60 ft. of 
descent. ^ 

When finding the temperature of the rocks geologists* 
use ^If- registering thermometers, which they lower 
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into bCreholea, or embed in cavities in shafts and mines 
(fig. 5). They can therefore only tell the rate of increase 
of temperature to depths attained by the det^pest mines 
and boreholes, the deepest borehole up to the present 
being alx)ut 1;^ mile. Whetlier the temperature con- 
tinues to rise farther down at the same rate as in the 
case of mines and boreholes it is impossible to say. If 
it does, then, indeed, at the depth of a few miles it must 
be very high. ^Phus at 2 mihis the reading at which 
water boils (212° F.) would be attained, while at a 
depth of 40 or 50 miles tln^ heat would b(i so gi-eat as to 
melt any kind of substance known to us 

It will now be easy to understand how the terhi 
of the earth came into us(‘. Owing to the great internal 
heat of the earth, geologists thought everything a certain 
distance down must be in a molten state, that tla^ earth, 
in short, consisted of a molten inner ‘part or interior, 
and a solid outer part or exterior. The hard solid outer 
part being so thin in comparison with the distance to 
the earth’s centre was naturally cahed the “ crust”. 

12. Interior of Earth not Liquid. — But, though the term 
crust of the earth was based on the idea of a liquid 
interior, that idea is not now held, and therefore it must 
beVlearly understood that when anyone speaks of the 
crust of the earth no liquid interior is implied. The 
term “ crust of the earth ” now simply means the portion 
of the exter ior of the earth about which man knows some- 
thing. Geologists are convinced that the earth was at 
one time much hotter than it is at present, and that it 
has been, and is, slowly cooling down; but for certain 
reasons they do not now think that it is liquid inside. 
On the contrary, most geologists believe it to be solid 
throughout. 

In §11 we learnt that if the temperature continued to 
rise deep down in the earth at the same rate as tin the 
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outer part of tlie crust (that is, as in deep min«B and 
boreholes) the heat at a depth of 40 or 50 miles 
would be sufficient to melt any known substance. But 
the pressure of the rocks also increases with the depth, 
as the ones farthest down have to bear the weijijht of 
those above, and it is thoiii^ht that this increased pressure 
might prevent the rocks from melting. When a rock or 
other solid body melts it ie(piires more room, and it the 
pressure is so great that it cannot get tliis room, then, 



Fig. (1, -Section of nn Active Volcnno, showing several pipes or vents, and alao 
the lieds of lava uiul ashch which have issued from these jiipes 


of course, it cannot melt. Also, as was pointed out»in 
§ 11, no one knows whether deep down in the earth the 
temperature does increase at the same rate as in the 
outer parts of the crust. 

1 3. Proofs of the Internal Heat of the Earth. — In addition 
to the observations by geologists of the temperature in 
mines and boreholes, there is the evidence afforded by 
volcanoes that the interior of the earth is very hot. A 
volcano (%. 6) has a pipe or channel by which it is^ 
connected with the depths of the earth, and up through 
which are sent steam, hot gases, and molten rock. The 
materj^ils ejected from volcanoes being so intensely hot, 


16 , FIRST STEPS IN COAJ, MINING 

the place wliere they come from must also be very hot. 
A^ain, hot springs are to be found in many parts of the 
world, and the water of these springs must have been 
made warm in the earth. 

14, Parts of the Interior of the Earth may be Liquid. — 

In conni'ction witli volcanoes it may seem curious that 
moltfui rock or lava should be (jected, if it is true (§ 12) 
that the earth is solid throughout, hint when the rocks 
at any part ar(‘ upheaved (se<‘ ^10 and chap viii), then 
the pressuni at that part will l)e rtsluced and the solid 
matter beconui li(pi<^tied. Tlien sonu* j^^eologists think 
(§12) that part or parts of the inb'rior of the earth 
may be li(]uid. 


CHAPTER IV 

THE HOCKS FOHMINO THE CRUST OF THE EARTH 

The Term Rock — Different Kinds of Rocks— Rocks to Ihi 
S tudied. 

1.5. The Term Rock. — Knowinj^ now what is meant by 
tJie “ crust of the earth ”, we may ^o on and enquire as 
to the rocks forming it. The first tiling to determine is 
the precise meaninjr to be attached to the term “rock”. 
As used generally this word simply denotes a mass of 
hard stone, as, foi- example, a piece of basalt. No one 
ever thinks of calling such substances as sand and coal 
rocks. But geologists look at the matter from a wider 
point of view. They call anything solid, whether it 
is loose or compact, which goes to make up the earth’s 
crust, by the name of rock. Thus sand and coal, accord- 
ing to a geologist are rocks. 

16. Different Kinds of Rocks. — Taking, then, tke geolo- 
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ts idea of the term, let us name some common rdbks, 
it is, rocks which we know to form part of the earth s 
1 st. There are clay, shale ^ sand, sandstone, chalk, 
It done, peat, coal, and very liard rocks sucli as 
iniie and basalt (which in some districts is called 
hinstone”, or “whin”, this bein^ a common name 
all similar hard rocks). Then there are such rocks 
slate, 

[7. Hocks to be Studied. — Now to understand about 
\ it is not necessary to consider all the rocks men- 
ned in the preceding paragraph. At the same time 
is not sufficient merely to learn about coal itself, 
il occurs in the (*arth’s crust in great beds or sheets, 
led seams, covere<l by beds of shale, sandstone, &:c. 
;s. 37, 38), and the (|uestioii of how tlie coal comes 
be buried under tlu'stj rocks can only be satis- 
torily answered by baving n'gard to the way in 
ich they have been formed. The rocks, sandstone 
1 shale, then, must first be studied, also a rock called 
glomerate, or “pm^ding stone” (fig. 29). Next must 
considered linui^tone, beds of which arc sometimes 
ociated with coal; and then the formation of coal 
df. Then, it will be necessary to en(|uire how rocks 
h as whinstone are formed, large masses of thiif 
(Stance being found sometimes to cut up through 
1 seams; while in a final lesson it will be well to see 
(lit ironstone and slate, and such other rocks of which 
H desirable to possess a little knowledge. 

But it would not be easy to begin the consideration 
shale and sandstone at once. If a mason at work 
Iding a house be observed, it will be seen that he 
uires to have all his materials brought near to him. 
lilarly, before engagitig in the building up of shale 
I sandstone rocks, so far as that is po8.sible in the 
jes of «, book, we must have the materials of which 

( 0168 ) 3 
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they are composed laid down where the work is to be 
done. But it is necessary for us to go further than 
tlie mason. It suffices him as a rule to have the stones, 
mortar, &c., brought to a place where he can conveni- 
ently lay hands on them, without troubling himself 
as to how they have been brought thei'e or the source 
whenei' they have been obtained. But here it is dif- 
ferent. Shale and sandstone are composed respectively 
of mud and sand, and not only mu.st the mud and sand 
be laid down in the proper place, but we must see 
where these substances conui from and how thej^ are 
conveyed to the rc^quired spot. 

It may be said at once that sliale and sandstone are 
formed at tin' bottom of the s(‘.a or of a lake. The mud 
and sand are obtained from the wearing away of the 
solid land. They are carried to the sea or lake by rivers, 
which are also instrumental in the formation of mud and 
sand. How all this is possible will be seen in the next 
few chapters. 


CHAPTER V 

'JTIE WASTING OF THE LAND 

Action of Heat and Cold on Rocks — Action of Rain — Run- 
ning Water and Hpruigs— Stalactites and Stalagmites— -Bono 
Caves. 

Nothing appears to us so permanent as the solid land. 
Whatever else may change, that seems as if it could 
know no difierence. Yet the whole surface of the earth 
is slowly undergoing alteration. As Tennyson says: 

“ The hills are shadows, and they flovf 

From form to form, and nothing stands ; 

They melt like mist, the solid lands, 

Like clouds they shape themselves and g«> 
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Tliese chanpfes are the result of the action of varTous 
agencies, such as heat and cold, rain and frost, &c. How 
each of these does its work in cutting up or removing 
tlie land surfaces must now considered. 

1 8. Action of Heat and Cold upon Rocks. — To study the 
action of heat and cold, &c., upon rocks we .should select 
some inland cliff or rocky hillside, with a large stream 
or small river running at its foot. When a bladder 
tilled with air is held in front of a fire we know that 
it swells out or expands, owing to the effect of the 
heat on the air. If the bladder is then removed to 
a cold plf^e it returns to its former .size. If heated 
a second time it once more expands, only to again re- 
turn to its original .size when cooled down. The effect, 
then, of alt(irnately heating and cooling the bladder is 
to make it expand and contract. 

Now the same thing happens in the case of the rocks 
forming any hillside or cliff, but to a much smaller ex- 
tent. During the daytime the rocks, acted on by the 
sun expand, while ai night, owing to the change of 
temperature, they ?!ontract or shrink to their former 
dimensions. Solid bodies are le.ss affected by heat than 
is air, and for this reason the expansion and contractioi^ 
of the rocks, unlike that of the bladder, is not visible, 
but it nevei’theless takes place and goes on unceasingly, 
*week after week and year after year. In the end the 
continued strain proves too much for the rocks to with- 
stand, and they crack, or pieces scale off and roll down 
the sides into heaps, whence they find their way into 
the stream below. 

In regard to the expansion of solid bodies by heat, a 
metal ball which just pasges through a ring at the ordi- 
nary temperature will not, when heated, pass through, 
owing to its expansion; when allowed to cool, the ball 
contracts to its former size, and can then again be passed 
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through the ring. More Mull be learnt in chap, xxvi as 
to the expansion of bodies by heat. The action of heat 
and cold on rocks is more marked in hot, dry countries, 
where the range of temperature is greater than in Britain, 
and many sandy deserts have been thus formed; yet ob- 
servation of any rocky surface shows us that the same 
thing takes place in this country. , 

19. Action of Rain. — Rainwater acts on rocks in dif- 
ferent ways. In the form of showers it softens and 
loosens the particles of the rocks, and also washes 
them down from higher to lowiir levels, 

20. Running Water. — But rainwabu' ha^ a greater 
effect on rocks in being the source of runnels or 
streams. After ^•ery heavy or continuous showers 
great rushes of water take place all over the land. 
In towns the gutters run full, while in country dis- 
ti’icts the road surfaces are frecpiently washed bare. 
On the hills streamlets are formed, and these carry 
with them all loose rock material. 

“ Down foam the rivulets, red with dashing rains, 

The gathering floods burst o’er the distant plains.” 

— Burns. 

The new surfaces produced by the I’ushing waters 
in time give place to others. Thus with every fresh 
supply of rain the brooks and streams wear their beds 
or channels wider and wider, the rock material which 
once filled the space being transported to the river 
below (see fig. 7), That streams and rivers in wet 
weather are carrying away large quantities of earth 
or rock material may be shown by filling a glass with 
the water and allowing it to stand for a^time. A thick 
sediment gathers in the bottom of the glass. 

Rainwater acts on rocks in yet another way. As 
the drops of rain fall through the air thdy take up 
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certaiu gases, and these assist in the breaking up* of 
the rocks. One of the gases so obtained (a further 
supply of this gas is obtained by the raindrops from 



Fig 7 — Productioi) of a Valley by a Mountain Stream 


the decaying vegetable matter in the soil) is carbonic 
mid (chap, xxix), and b^ the aid of this gas the rain 
water is able to “ eat away ” or dissolve parts of rocks 
such as granite and limestone, the latter being almost 
entirely eaten away. Rock material when dissolved is 
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invisible and is said to bo in solution. After being dis- 
solved, the limestone, &c., is carried away by the water, 
which remains quite clear, and is said to be “carried 
away in solution An example of a common substance 
“ in solution ” is sugar dissolved in hot watm- or tea. 

Fig. 8 gives an excelh'iit idea of the dissolving action 
of rainwater on rocks, the cracks in the rocks having 
become widened out into deep fissures. Large caves 



Fig. 10 - Section of HlllsiCe 
A, Lunestone. 0 , Clay, o, Spung. 


are also formed in limestone districts, and in some 
places underground rivers result from the vain and 
streams falling down the fissures in the rocks. Fig. 9 
shows the efiect of rain, frost, &c., on granite rocks. 

21. Springs. — It is by the dissolving action of water 
on rocks that s'prings are enabled to perform their 
work of destruction. Of the water that falls on the 
land as rain, part reaches the rivers by means of 
streamlets, &c., in the way just described, part is 
evaporated back into the air, and part goes to form 
springs (and then finds its way also to a river). It 
is the last part with which we are at present con- 
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cerntid. After falling on the surface the water siliks 
down through such rocks as sandstone, chalk, &c., 
until it meets a bed, such as clay, througli which it 
cannot pass. It then reappears at some other point 
on the surface in the form of a spring (hg. 10). It is 
worth noting that the rocks through wliich water can 
find its way easily, whether on account of their being 
porous or containing cracks, are Ciilled pervluas, while 
those which otter great resist- 
ance to its passage aiHi terim'd 
i}iipervioui<. Sandstone, chalk, 

&c., there|i(^)re form ])(irviouM 
beds of rocks — -clay, whinstonc', 
and slate b'o’ng impervious. 

Tins, it should be observed, 
accounts for sandy .soils being 
dry and clay soils wet, the 
foT'mer giving frc^e passage to 
the water, and the latter re- 
taining it. • 

In its journey through the 
rocks the water dissolves and 
carries off rock material in ” „„a"Lra“.te 

solution. The nature of the* 

spring water depends on the kind of rocks it ptTineates. 
In limestone districts, for example, the water is “ hard ”, 
the hardncvss being due to the limestone matter dissolved 
in it. Similarly other springs may contain iron, salt, &c. 
When the amount of mineral matter dissolved in the 
water is very great, the term mineral npring is used. 

The dissolved rock matter contained in spring water 
may be carried direct tp a stream or river, but some- 
times it is deposited at the mouth of the spring and 
can then be seen and examined. In any case springs 
are powerful agents in the destruction of rocks. 
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21 Stalactites and Stalagmites. — Sometimes dissolved 
rock matter is deposited in underground caves (tig. 11). 
This happens in limestone districts. The cave is tirst 
liolloAved out by the water dissolving and carrying ofi‘ 
the rock matter. Afterwards more water laden with 
rock material in solution arrives at a point above the 
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stalagmites gradually grow larger, and may ultimately 
meet each other and form pillars. 

?8. Bone Caves. — Sometimes when the stalagmitic 
floors of caves in limestone regions are broken up, 
bones of different kinds of animals are found (tig 12). 
These animals lived in the cav(‘s in past ag(^s. When 
they died their bones bc'came sealed up in the layei's 
of stalagmites and thus preserved. Tools and weapons 
once used by miMv are likewise sometimes found, show- 
ing that in remote times the caves must also have formed 
the dwelling peaces of man. 


CHAPTER VI 

THE WASTING OF THE hh.m)~{C(mtmued) 


Action of Frost on Rooks -Action of Rivers — Formation 
of Rnw Valleys — (Jlaciers 

24 Action of FrSst on Rocks. — Frost has a very de- 
structive effect on rocks. This is owing to the fact 
that water when being converted into ice expands^ 
about 10 c. in. of water becoming 11 c, in. of ice. 

, If, then, the water when freezing is confined in any 
space or vessel, so that it has no room to expand, a 
great pressure will be exerted on the walls tuiclosing 
the .space or sides of the containing ves.sel. Tin* force 
developed in this way is well .shown by exjieriments 
such as that illustrated by fig. 13. Here an iron shell, 
filled with water, and having the .stopper driven tightly 
in, has been split by thexexpansive force of the freezing 
water, while the stopper of a similar shell is seen to have 
been forced out, a cylinder of ice projecting from the 
hole. Similar experiments may be carried out during 
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frosty weather witli bottles filled with water and tightly 
corked. 

Now the force that is capable of splitting an iron 
shell can be well believed to have a very destructive 
effect on rocks. The water finds its way into natural 
fissures or openings in the rocks, or into tl\e breaks 
produced by alternations of heat and cold, or othiir 
causes. As it freezes it forces the sides of these open- 



Fi}j IR EfTocl. of Frost on Iron Shells filled with Water 


ings more widely apart. Tliis is r('])eated again and 
again, until at last pieces of rock are forced off and 
roll down the side of the hill to join the heap at the 
bottom, or fall at once into the river. 

25. Action of Rivers. — The pieces of rock bioken off 
by the agency of heat and cold, frost, &c., as has been 
pointed out. may at first accumulate on the side, or at 
the foot of the cliff, but in the end they find their way 
into the river. Once tliere they become subject to the 
a(!tion of the running water, and are gradually reduced 
to sand and gravel. 
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On entering a body of water it is found to have a 
“ lifting-iip ” or supportinfj tendency, so tliat substances 
would actually seem to weii^h less in water than out of 
it. Such indeed is the case. Owin^ to its lifting-up 
or supporting j)ower — called haoyancy — water has the 
effect of reducing the weiglit of bodies irninersed in it, 
and if, say, a piece of stone be weighed first out of water 
and then when immersed in it (fig. 14), the weight in- 
\vat(‘r will be found to be considei-ably less. It is there- 
for(^ easy to understand that water in motion is capable 
of moving hn-g(‘r pieces of rock 
than woikld be the case if they 
weigh(‘d the same as on land, and 
this esp(‘cially in times of flood. 

On entering the water, th(?n, the 
fragments of stone from the hill- 
side, it small enough, are carried for- 
ward by the current. As they are 
swcjpt onwards they knock against 
eav'h other and again?lt large boul- 
ders in the bed of the stream. Their sharp edges and 
corni'rs are brok(;n off, and the whole mass rounded and 
smoothed and gradually worn down to the finest particlej^ 
Examination of the rock material in the bed of any river 
or large stream shows this to be the case. At all points 
are to be found rocks, both large and small, worn quite 
smooth and more or less round (fig. 17), while here and 
there are patches of sand and gravel which have been 
cast up by the running water, and much of which will 
probably be removed when the river is again in flood. 

The pieces of rock which are at first too large for the , 
water to carry away ar<i gradually reduced to the proper 
size by the smaller pieces coming in contact with them. 
Nor doej? the river bed itself escape. Its appearance 
shows that it also is subject to the general wearing 
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down and smoothing process, the rocks as they i:olI 
along ever grinding it deeper and deeper. 

26. Formation of River Valleys and Canons. — Thus the 
general tendency of rivers is to gradually deepen their 
beds or channels. As the material is cut out it is carried 
oft* by the running water. The banks of the river be- 
come undermined, and, falling into the water, are swept 
away. Rain, frost, &c., continue to act steadily on tin; 
rocks forming the hillsides, and each streamlet, as we 
have seen, after heavy falls of rain, bears down its load 
of rock material to the riven* As the rc'sult of all these 
processes river valleys are formed (lig. 7), the i;iver t'ver 
cutting deeper and deeper, and the sides of the valley 
being opened out wider and wdder. Hence wherevei* a 
river is seen with hills on each side, though at a con- 
siderable distance from its banks, W(‘ may be pretty sure 
that the land was once continuous and that the space 
between the hills has been cut out by the action of 
water aided by the other agencies. 

Sonuitimes the valleys are deep *aiid narrow, and are 
then called gorges, or rwvints. Such valleys 

occur where the rocks are hard and the river course 
steep. In regions where there is practically no rain there 
are no streams to wash away the sides of the gorges, 
and deep chasms called “canons” are formed (fig. 4). 

Some old valleys, we must note, are the result of 
glacier action, not of rivers of water. This will be 
understood from the next few paragraphs. 

27. Action of Glaciers. — Glaciers are rivers of ice. 
They occur in regions of perpetual snow. The weight 
of the snow accumulating on the mountain sides causes 
the mass to move down the valleys in long tongues or 
sheets, and to these the name “glaciers” is given (fig. 
15). On reaching a lower level the ice melts and forms 
a river. 



Fig. 1$.— Glaciers and Moraines, a Lateral moraines ; b, glaciers meeting 
and forming medial moraine ; e, terminal moraine and ice cavern. 
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Oil each side of a glacier there is a continuous lir.e'^ 
of rock material, consisting of stones and rubbish, 

which has either 
fallen or been toi-n 
from the sides of the 
valh'y (fig. 15 a). 
These are termed 
lateral mamiines, the 
word lateral (meaning 
“side”) being used be- 
cause the rubbish is 
spread aloii^ the mar- 
gins of th(i ice-sheets, 
next the sides of the 
vallejT^s. 

When two glaciers 
meet tln^y move on 
side by si de, the two ad - 
jacent, or inside, lateral 
, moraines uniting and 
forming a medial 
moraine (fig. 15 h). 

As the ice river moves slowly forward, great openings 
are continually occurring in it. Through these, stones 



Fig. 10.— Mass of Granite (perched block) resting 
on a Glaciated Huiface of Rock 



Fig. 17.— a, River-worn stone; h, wave-worn stone; c, stone worn by glacier 


drop to the bottom, and, becoming frozen in the ice, are 
dragged along the surface of the valley. In this way, 
and also by the ice itself, the rock beneath the glacier 
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is polished, scratched, and worn away (hgs. 16-8). -^Tlie 
material produced by this grinding and scratching is 
carried forward by the glacier, and is known as the 
ground moraine Tlie sides of the vallc'ys are also 
grooved aii<] j)o]iHlu‘d by the moving ice. 

At the end of the glacier where it melts there is 
often an ice eavcnm. 

The stones and I’ub- 
bish carried by the 
glacier ai‘e here 
thrown down into a 
great hea|), called the 
tern i i nal * onorai m 
(fig. 15 c). The water 
runs off through tliis 
material, and is conse- 
quently very mudd}'. 

28. Boulder Clay. — 

'The amount of rock 
material carried away, 
by glaciers is v«ry 
great, and we must 
therefore regard them 
as powerful factors 
in the wasting of the 

* land. At one time 
the climate of Britain was much colder than it is at 
present, and the valleys were tilled with glaciers. Mo^ 
raine matter, consisting of a stony clay called boulder 
clay (fig. 18), is accordingly found in many different 
parts of the country. Boulder clay is sometimes hun- 
dreds of feet in thickness. 

29. Boulders or “ Erratics Huge blocks of stone 
called boulders or erratics (or wanderers) have been 
deposited by glaciers in many different places. In 



Fig. 18 -.Stony liouUler Clay overlying 
Scratched or Stiintod Hock 
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reference to the fact that these boulders are in many 
cases far removed from their native beds, the ‘term 
" strangers ” is sometimes given to them. Where boulder 
clay has been washed away, many boulders are to be 














Fig. 19,— F>oulder from the Arenig Hills of North Wales, found in Cannon 
Hill Park, Hirminghain 

found which arc evidently “strangers” to the locality 
where they occur, no bed or mass of similar rock exist-, 
iiig in the neighbourhood. In many instances boulders 
or wanderers have been left perched on other rocks, or 
in such places as the sides of valleys or tops of hills, 
and are then termed perched blocks (hg. 16 ). 
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CHAPTER VII 

THE WASTING OF THE LAND-(Gonimi^cO 

Action of the Sea— Enumeration of Denuding Agents — 
Formation of Soil and Subsoil — Rate of Denudation — General 
Results of Denudation. 

30. Action of the Sea. — The destructive effect of the 
sea on rocks can be well understood by observing the 
fury with which waves break on the seashore during 
a storm. Fig. 20 gives a good idea of the power of 



Fig. 20 —Rocks on Coast being worn away by the Sea 


e sea at such times. Stones are caught up by the 
ives and hurled against the cliffs with tremendous 
rce. The lower parts of the cliff are cut away, and 
e upper parts, thus undermined, fall ultimately into 
B water. Once there they become in their turn 
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batIJering rams, with which to break down additional 
masses of rock. In this way the face of the chff is 
gradually worn back. The stones thrown against it 
are themselves broken by the impact, and bj^ degrees 
reduced to sand as they are carried backward and 
forward by the waves. 

31. Enumeration of Denuding Agents. — Something is 
now known of the main processes at work in wearing 
down the land. It has been seen that heat and cold, 
rain and frost, running water (wlndher in the form 
of tiny streams or great rivers, and whether above or 
below ground), ice, the sea, all play a part in the work 
of destruction. Wind, too, has its etiect in carrying 
small fragments of rock matcuial from a higher to a 
lower level, and in cutting aw'ay rocks by blowing sharp 
particles of sand against them, while the breaking up of 
the ground by the roots of plants and burrowings of 
certain animals assists greatly the actions of rain and 
frost. 

Now the name given by g{*gilogists to this wasting 
away of the land is denudation. c“To denude” means 
“to lay bare”, hence “denudation” denotes “the act of 
laying bare”. Applied to geology it means the laying 
bare of the underlying rocks, by the water and the 
other agencies wearing away the upper or exposed sui’- 
faces. “ Denudation of tlui land ”, then, is a short way 
of referring to the process by which the land is broken 
up and removed, and its surface level gradually brought 
<lown to that of the sea. 

The different means by which the denudation of the 
land is effected are called denuding agents. Heat, cold, 
frost, rain, running water, wind, and ice are termed 
^atmospheric denuding agents, while the action of the 
.sea on the land is known as marine denudation. Often 
wind, heat, cold, rain, and frost are called weather 
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Agencies, their combined effect being spoken of* as 
“■ weathering”. 

32. Formation of Soil and Subsoil. — It must not be 
thougJit that the work of the atmosplieric denuding 
agents is confined to the more elevated parts of a country 
and to the exposed surfaces of rocks, for it goes on at 
all places — in low-lying districts as well as high, and 
even under the surface of the ground. By the action 



FIs; 21. —Formation of Subsoil mul Soil from the Solid Rock 


jf the weather agencies on the rock underneath the 
surface of the earth we get soil and subsoil. A glance 
at the face of a quarry gives us an idea of the nature 
of the ground for some distance below the surface. On 
the top (fig. 21) there is a layer of soil or mould in 
which the grass and other forms of vegetation grow. 
Below the soil there is the subsoil, consisting of a layer 
of broken rock, while underneath the subsoil is the solid 
rock. The soil may be only an inch or two in thickness, 
or it maj' extend to a depth of several feet. The sub- 
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soi^ will probably be several feet in thickness. NoV/ 
the subsoil is formed from the solid rock by the rain 
and other weather agencies acting on it and break- 
ing it up into fragments. The fragments (or subsoil) 
thus produced continue to be acted upon, and therefore 
diminish in size with their distance from the solid rock. 
Near the surface the particles are very tine; and, be- 
coming mi.x('d with animal and vegetable matter, form 
soil. 

The soil is, of course, thickest in fiat-lying districts, 
because it is wash(‘d down from the sides of the valleys 
and hills as we hav(^ seen. But as no land surface 
is ever (juite flat, tli(‘ ground is gradually re*moved from 
the low-lying places also. Thus all rock material, 
whether coarse or hue (exce]jt what falls direct into 
the sea), tends to find its M'ay into a rivt'r. But reach- 
ing th(i river is only a stage in its journ(‘y. As has 
been shown, it is moved forward by the wat(‘r; and as 
all rivers flow either into a lake or the s(‘a, the hnal 
nesting place for the mud, sand, ^]ind gravel carried down 
must be the bottom of a lak(j or /)f the sea. 

33. Rate of Denudation. — It will be interesting now 
to consider the vale of denudation, that is, the rate 
at which the surface of the land is being worn away 
owing to the action of the denuding agents. It is very 
evident that the amount of material carried off from 
the land in the course of only a single year must be 
very great. The denuding agents work slowly but 
they work unceasingly. Then, when we come to think 
of it, what an immense; number of rivers there must 
be all over the land, each carrying its load of rock 
material to the ocean. Geologists are able to estimate 
the amount of niaterial carried by any single river, and 
it is found that the great Mississippi alone conveys in 
one year into the Gulf of Mexico many million tons of 
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H-ind ftnd mud. Added to this there is the invisible rock 
material dissolved in the water. The result is that the 
basir ot‘ this river is be in" lowered at the rate oi‘ 1 ft. 
in bOOO years. And some rivers perform the work of 
denudation at even more rapid rates than the Mississippi. 

It is plain, then, that if there were no force or agtmcy 
actiiij" in opposition to denudation the whole land surface 
of the ^dobe would ultimately be worn away and dis- 
appear under the waters of the oc.ean. But fortunately 
there is such ao(‘ney, as we shall find in llie next chapter. 

34. Denudation — As the conclusion to the present 
chapter it ^ill be w(‘ll to notice briefly some of the 
general resnlU of demulaiion. As pointed out in §32, 
the rock matmial borne by livers is deposited in lakes 
or the sea. 4'he lakes in conse(|uence become filled up 
and converted into plains, while from the sand and mud 
laid down on the sea floor <leltas are formed and new 
rocks built up (chap. ix). Then, thou"h the dimuding 
agents work continuously, tliey cannot remove tlie 
harder parts of the ground so (piickly as the softer parts, 
and inequalities, oi* “ ups and downs”, in the land surfaces 
consequently result. Valleys, too, as has been shown 
(§ 26), are ever being widened, and the channels of streams 
and rivers deepened and enlarged. N(‘w vnlleys and 
hills are formed fi'om tablelands, and mountains are 
made more rugged and steep. Tims thi'ough the action 
of denudation the face of tlie land is constantly under- 
going change, and we get what is known as “scenery”. 
To denudation, for example, the picturesqueness of many 
parts of Scotland is due. 

We should ever have our (‘yes open to the natural 
features of the part of the^ country in which we happen 
to be, and it certainly does not detract from the pleasure 
of observing these to be able to trace each particular 
form to its causes. 
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CHAPTER VIII 

MOYEMENTIS OF THE EAllTIFS CRUST 

Elevation and Suhaidencc of Earth’s Crust — Evidence t)f Elevation 
and Subsidence— Rending, Folding, &c., of Rocks. 

35. Slow Upward and Downward Movements (Elevation 
and Subsidence) of Parts of the Earth’s Crust. — In the 

preceding chapter we saw that if tlicre were no force 
or agency acting in opposition to denudation the whole 
of the dry land would ultimately be subimjrged in the 
sea. Now denudation cannot be stopped. It must go 
on so long as there are denuding agents and land to 
denude. To counteract tlie effects of denudation, then, 
the land must either be lifted up or new land formed 
by the pushing up of tlie sea bottom. At the present 
time not only are certain parts of the land being slowly 
upheaved, but parts are gradually being sunk down or 
depressed, while in past ages tht^re can be no doubt that 
such up-and-down movements mhst have repeatedly 
taken place. The result is that what was once the 
bottom of the sea is now dry land, and what was for- 
merly dry land is now sea bottom. Tennyson knew 
this; hence he says; 

“ There rolls the deep where grew the tree, 

O earth, what changes hast thou seen ! 

There where the long street roars, hath been 
The stillness of the central sea”. 

These movements in the earth’s crust have already 
been touched on. In chap, ii we saw that geologists are 
enabled to become acquainted with the rocks forming 
the crust only because the beds have been upheaved. 
Then the presence in the dry land of beds of shale 
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iv) indicatcH elevation of the sea bottom, but this is 

not surpriHing, because, as will be seen farther on, 
there is ainph^ evidence that most of the area now oc- 
cupied by the British Isles was at least once below sea 
level. 

It is plain, then, that though denudation and sub- 
sidence tend to make the wliole land disappear, yet 
elevation acts in opposition to these, and that while 
some parts are lost by one or other of these causes, yet 
other pfirts appear in their 
stead. 

Tlien it must not be for- 
gotten that by nuians of 
vol " no(‘s (§13) fi-esh ma,- 
tei iuts are brought up from 
the interior of tlie eaith 
and added to the rock 
masses on tlie surface. 

36. Proofs of the Eleva- 
tion and Subsidence of Phrts Ji'ig 22.— PltUlocks, or Rock-boi’ers 
of the Earth’s Crust.— There 

are many proofs of the elevation of parts and subsidence 
of other parts of the eai’th’s crust. 

Elevation. — 1. Raised beaches are to be found at certain 
places on our coasts, and also on those of other countries. 
These are beaches similar to the ones now found at sea 
level but occurring high above the water. They weitj 
formed by tlie action of the waves, then raised up by 
the elevation of the land. 

2. Caves cut out by the action of the waves are now 
found far above sea level. 

3. Marine shells are also found l^igh above sea level. 

4. Holes made by rock-boring shells (tig. 22) are now 
found above sea level. 

Subsidence . — It is more difficult to find evidence of 
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subsidence, as when the land sinks down it is cov,ered 
over by water and lost to si^ht. 

1. At different places round our coasts submerged 
forests are to be scsen at low tides. This shows that the 
land on which the forests grew sank down and was 
then covered over by water. Now only the stumps of 
the trees lernain. 

2. Other parts of thi^ world ani known to be slowly 
sinking. 

37. Rapid and Violent Elevation and Depression. — The 

foregoing aflbrds evidence of dotv avd gnitle upward 



Fig. 23.— Section across the Jura Mountains, Rhowii\" tlirec antu lines and two 
syni'lines The crest uf one anticline lias suffered denudation 


narid downward movements of the earth’s crust. Earth- 
qv>akes are examples of rapid and violent elevation and 
depression. , 

38. Cause of the Movements in the Earth’s Crust. — We 
come now to the cause of the movements in the earth’s 
crust. It is vtuy interesting to observe that these are 
believed to be due to the internal heat of the earth. 
Geologists think that there are .several ways in which 
the upheavals and subsidences may have bf^en brought 
about through the agency of the internal heat of the 
earth; the cooling of the interior is, however, believed 
to be the main cause. As the hot interior cools it 
contracts. The weight of the colder crust cfiuses it to 
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sink down on the contracting interior. 
As the crust settles down the rocks 
forming it have h‘ss room. They arc 
therefore squeezed violently togetluu-, 
and forced into a series of wrinkh^s 
or folds. Parts, th(U(d’oi-e, are up- 
heaved and parts depressed, the beds 
being bent, contorted, and brokeri 
(tigs. 2H-o). 

That the raovenu^nts of the ('arth’s 
crust are due to the cooling of tlui 
(‘arth’s intot’ior is what is generally 
believed, some geologists ascribes the 
nlONe ieiits to an entirely difierent 
cause. 

39. Curved Strata. — As will be seen 
farther on, drata simply means “beds 
of rock ”. Fig. 23 shows anticlines 
and si/naines. The beds of rock hav(' 
been bent or c urved intb the forms of 
arches (anticlines) and troughs (syn- 
clines). A book half-open, placed so 
that the back of the cover is upper- 
most, is in the fonn of an arch and 
^•epresents an anticline. When placed 
so that it is resting on the back (A the 
cover the half-open book is in the form 
of a trough and repi cjsents a syncline. 

40. Contorted Strata,— When the 

beds of rock ha\'e been bent into 
violent curves or folds they are said 
to be contorted (fig. 24). ^ 

41. Inverted Strata.— Sennetimes the 



beds of rocks are bent back over each other. They are 
then said to be inverted, that is, turned upside down 


Fig. 24.— Contorted Strata 
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(fi^. 25). The folding back of blankets on a berk will 
illustrate inverted strata. It will be seen that the top 
blanket bcicomes the lx)ttoni on(‘ of the fold. 

42. Faults or Dislocations of Rocks. — Sometimes instead 
of bending into curves or folds the rocks break, and we 

then get what is known 
as a (tig 2(5, also 

ligs. 51-4). When the 
rocks break, the beds 
are moved along tlu; cut 
or tissure, hence we find 
])arts of tlv‘ same bed 
at ditlerent levels and 
a bed of one kind of 
material standing oppo- 
site a bed of another kind of material. The subject of 
faults will be resumed in chap. xii. 

An interesting experiment to illusti*ate folding of 
rocks may be perfornu'd by anyone as follows. Take a 
number of folded cloths of difieitnt colours, and arrange 



rijj 2fi - Inverted Strata. The dotted lines 
nidi(ate how the folding and uiveibion liavc 
taken place 



Fig. 26 —Section of Rocks traversed by nuinerous Faults 


them in a pile by placing the Ixittorn cloth horizontally 
on a table and the others abovti it — one on top of 
another. Put a book flatways on top of pile (to press 
it down) and also a book at each end so that a side of 
each of the latter is against an end of the pile. Now 
press the books at the ends of the pile towards each 
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other. It will be found that the cloths are thrown into 
“ anticlines ” and “ synclines ”, and that the book on the 
top of the now resting on the ridges of the anti- 
clines, is hiw-her than at the be^innin^ of the experiment 
The thickness of the cloths at the beginning should be 
such that tlic book on the top will just touch the ones 
at the ends. It is then clearly seen that the former has 
been moved upwards. Instead of books, pieces of board 
may be used. A iieavy weight should be placed on the 
board 0/ book on the top of the pile. 


CHAPTER IX 

FORMATION OF ROCKS 

i»cposition of River -borne Material- Delta*!— Stratification — 
Sodinieiit and Sedimentary KoekH— FcwhiIs. 

43 Deposition of B,iv6r-borne Material in Sea or Lakes. — 

In this lesson we begin our study of the formation or 
making of rocks. The first to be dealt with are shale 
and sandstone. These rocks, we were told in chap, iv,^ 
are formed at the bottom of the sea or of a lake — shale 
» from mud and sandstone from sand. We have seen how 
the mud and the sand are produced from the solid land, 
and have taken note of the vast quantities of these sub- 
stances deposited by rivers in the sea and lakes. We 
must now en(]uire how the mud and sand are laid down 
in the bottom of the sea or lake, and liow it is possible 
for such soft, loose materials to be changed into hard 
solid rocks. ^ 

Experiment. — Pill, to about an inch from their 
mouths, three tumblers with water; and into one put, 
say, a teaspoonful of very fine gravel which has been 
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well washed (or a teaspoonful of coarse sand free from 
fine particles), into another a teaspoonful of clean fine 
sand, and into the third a teaspoonful of mud or fine 
clay— made by dryin^^ the clay, then crumbling it into 
fine powder. Stir the contents of each tumbler, so as 
to mix thoroughly the water and the solid substant'e 
contained in it (it may be necessary to close the mouth 
of the tumbler containing the gravel and shake it up 
and down), and tluui observe th(‘ time that elapses 
before the wat('r becomes clear. It will be found that 
the gravel dro})s to the bottom of the tumblci as soon 
as we stop stirring, leaving the water <juite transparent. 
The fine sand does not fall to the bottom so quickly, 
yet does so in a very short time The clay may take 
many hours to settle, and even then the slightest move- 
ment to the tumbler will cause the water to become 
muddy. 

Now let us com 2 )are the i-esult of our experiment with 
what takes place when a riv(;r reaches the sea or a lake. 
In times of heavy rainfalls the rvv^er arrives at the sea 
or lake loadinl with gravel, sand, and mud. As it enters 
the sea or lake its velocity is checked and immediately 
^bhe gravel and coarse sand sink to the bottom, just as 
did the gi-avel or coarse sand in the tumbler the moment 
we stopped stirring. The gravel and coarse sand, then, 
carried down by the river, will be deposited near its 
mouth. The fine sand, we know, takes longer to settle, 
hence will be carried farther out, while the clayey 
matter, mingling with the sea water or lake water, 
will not fall to the bottom until a considerable distance 
from the shore. This, then, is exactly what was to be 
expected from our experiment with the substances in 
the tumblers. 

44. Deltas. — Now, as the gravel, sand, &;c., continue 
to be deposited, the sea will get shallower and shallower 
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iiear the shore (if the rock material is deposited in a 
lake* the lake will be slowly filled up — § 34). At last 
the mouth of the river will be quite blocked up and 
the water liaN^e to force its way through the deposited 
material. Sometimes in doing this it breaks up into 
two or more streams, the river thus having two or more 
mouths, These in time become blocked up also, and 



Delta of the River Nile 


3ther channels are formed. In this way both the shore 
line and the mouth of the river advance seaward, the sea 
next the shore always being filled up by, and new land 
formed of, the deposited material. This new land is called 
a deLta, because similar in shape to the Greek letter of 
that name, A. It is therefore like a triangle. The broad 
part faces the sea (fig. 27), and eacTi year becomes wider 
and higher. The point or apex is towards the course of 
the river, and is called the " head of the delta 



Extent of Deltas. — Many of these deltas are verj 
extensive. Thus the whole of Lower Egypt (fig! 27), 
having an area of 12,000 sq. miles, has been formed 
out of the sand and mud brought down in past ages by 
the River Nile. It is called the “ Delta of the Nile”. 
The head of the Nile delta is at Cairo. The site of this 
town, then, must at one time have been on the shore 
of the Mediterranean Sea, though it is now 85 miles 
from it. ^Idiis gives us an idea of how the shore line 
and th(i river mouth gradually advance seaward. It 
also compels us to think of the vast amount of rock 
material that must be discharged by some rivers over 
an extended period of time. 

Absence of Deltas. — We must note, however, that 
deltas are not formed at the mouths of all rivers, the 
sand and mud being swept away by currents in the sea 
and deposited in other places in the form of shoals and 
sandbanks. 

45. Stratification. — In the formation of a delta the 
mouth of the river, it has been seen, gradually advances 
seaward. Now the rock material • will continue to be 
deposited in the order described in § 43, namely, coarse 
sand and gravel nearest the seashore, fine sand farther 
out, and clay farther out still. We can see, then, that 
as the mouth of the river advances we get fine sand 
deposited on clay and then gravel laid down on the find 
sand. Thus we have three regular beds or layers of 
rock material, namely, clay at the bottom, fine sand 
above the clay, and gravel and coarse sand on the top 
of the fine sand. This is called stratification, from the 
Latin word stratum, meaning “strown out". 

We can sec, too, that if the floor of the sea near the 
shore were sinking continually, and therefore the shore 
line and mouth of the river retiring instead of advancing, 
we should still have the same regular arrangement of 
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file rock material, but this time fine sand would' be 
deposited on the top of the gravel and clay or mud on 
the top of the fine sand. 

If we take small quantities of gravel, sand, and clay 
and lay them down exactly as described in § 43, on a 
surface to represent tlie sea bottom, the order in which 
these substances an; deposited becomes quite clear to us. 
The beds of clay and sand will get thicker farther out 
to sea (therefore “ thin out ’’ iis we approach the shore 
line;, and sometiiiH^s there are variations in tlie arrange- 
ment of the deposited 
material owing to 
clianges in the ve- 
locit y of the river and 
otlb'L' causes. Also, 
as limestone is formed 
in the sea (chap, x), 
the mud, &c., may be 

Kig 28 Strata thinning out iind (»vcrlani)lng 
deposited ovc l beds of ,.a(jh Otiicr as they approach a shore line 

this substance or the * 

former may be laid down, then limestone on the top, 
owing to the sea floor sinking, then again mud, &c. In 
this way we get beds of shale, limestone, sandstone, &c., 
occurring one on the top of the other in the earth’s crust 
(fig. 28, also tigs. 37, 38). Then sometimes in the earth’s 
‘crust we find a bed of conglomerate passing into a bed 
of sandstone and a bed of sandstone or limestone passing 
into a bed of shale. This, it is evident, is accounted for 
by the arrangement of the gravel, sand, &c., on the sea 
! floor. Fig. 28 helps to explain this also. 

I 46. Sediment and Sedimentary Kooks. — Now let us 
|return to our experiment with thp substances in the 
^mblers. If a substance is mixed with a liquid (ms- 
vn the liquid we sometimes say) and then falls 
po the bottom, we call the substance a eediment. So 
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at the bottom of the gravel tumbler we have a sediment 
of gravel, at the bottom of the sand tumbler a sediment 
of sand, and at the bottom of the clay tumbler a sedi- 
ment of clay or mud. Now suppose we had a great 
quantity of each of these sediments, and that the par- 
ticles forming each were tirmly cemented together, 
making hard, solid masses, then we should have three 
different kinds of rock, namely, a rock formed of gravel, 
or conglomerate (fig. 29), a rock fornu'd of sand, or sand- 
stone, (fig. 30), and a rock formed of mud or clay, as 
shale. These three 



rocks would be 
cal 1 ed sedimen fary 
rocks, because, as 
we have seen, they 
would liave been 
formed from sedi- 
ment. 

Conversion of 
Sediment into 
Solid, Bocks. 



Kj}i. 30.- Fine-grained 
Sandstone of even tex- 
ture 


Now what has been stated in the preceding paragraph 
indicat(‘S what goes on at the bottom of the sea. The 
great weight of the accumulated sediment, due to its 
thickness, causes a heavy pressure to be exerted on 
the bottom layers. The water is stjucezed out, and tb^ 
particles forced closer together. This in some cases is 
sufficient to convert the sediment into a hard rock, 


but in addition to the pressure there is generally some 
natural cementing agent which binds the particles firinly 
together, just as the stones in the sides of a house are 
held fast by the mortar* These natural cementing sub- 
stances are contained in the water, and are deposited 
all round the particles of sediment. The different coloy/rs 
of rocks are due to them. 
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' In ^this way, than, we get shale, sandstone, and con- 
glomerate — shale being formed from mud or clay by 
pressure alone, sandstone from sand by means of pres- 
sure and soiiK' luitural cementing substance, and con- 
glomerate from gravid, also by juvssure, and a natural 
cementing agent. And these i-oeks are called “sedi- 
mentary rocks ” b('caus(i they havi' been forimal from 


sedinumt It is worth noting that they are also some- 
times called aqiiroas rocks, because they hav(‘ been 
formed under water (L aqua. 


water'). Tlui teian stratified rocks 
is also used ^wing to their oceur- 
I'ing in more or less pai'allel beds 
or. layers, that being the way, as 
we sa e 8(‘en, thc' sand, &c, is 
deposited in the sea. Tliis sub- 
ject will be resumed in the next 
chapter'. 

47. Fossils. — Something must 
now be said regarding# fossils 
(L. fossus, dug up), ^rhese (ligs. 
12 and 32) are the remains, or 



Fiji. 'U .Slaj) of .Shale with Itn- 
loosHioii of a FoshiI Koi n 


traces of the remains, of plants 

and animals found embedded in certain rocks of the 


earth s crust. 


The plants and animals may have lived on the land 
and been swept down to the sea or into a lake by rivers 
in times of flood, just as branches of trees and the bodies 
of animals are at the pi-esent day. But most fossils 
are the remains of animals which once lived in the 
sea or in a lake or a river. When such animals died, 
their bodies became buried in the ^sand, mud, &c., at 
the bottom of the sea or lake. The soft parts decayed, 
but the hard parts, like the bones and teeth, were 
preserved, • locked up, as it were, in the rock when 

(0 163 ) . 5 
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the sediment was converted into stone. These haid 
parts, then, are the fossils. They are the actual pi*e- 
served remains of the animal, and are found when we 
penetrate into the rocks. 

But the name “ fossil ” is not confined to tlui actual 



rig. .'i'i - Kor)ti)riiit8 ami 'J'ooth of I,.ngf 
Amphibian found in Saiulatoiic 


remains of plants or 
animals. As seen from 
the definition at the 
Ije^innin^ of the prti- 
c(‘din^^ paragraph, it is 
applied also to “ traces 
of the remains”. Thus, 
for example, instead 
of the actual parts of plants or animals, we may find 
mineral or stony substances which liavi' their exact 
shape. Such mineral oi- stony substances are also called 
fossils. It is int(‘r(‘sting to note how they are produced. 
It is owing to the action of water, which, as it perco- 
lates through th(‘ rocks, dissolves away the remains of 
the plant or animal and deposits stony 
matter in their place. Then again we 
may find oidy a cavity or hollow, but 
which yet has the exact shape of the 
part of the plant or animal, and this, 
too, is called a fossil. Such cavities, or 
hollows, arc also due to the action bf 
Jig. 83 -Ammonite Water, the actual fossil remains of the 
plant or animal having been dissolved 
away, but no mineral or stony matter left in their stead. 
Lastly, ripple marks, rain pittings, and footprints (fig. 
32) can sometimes be seen in rocks, and to these also 
the name fossil is applied. 

In early times fossils were believed to be the remains 
of animals which were drowned in the Flood, hence were 
sometimes termed “Antediluvian animals Fossil shells 
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ckWeii^Ammonites (fig. 3;^) from their shape were thought 
to be petrified snakes. Sir Walter Scott alludes to this 
in Marmion (ii. 13); 

“And how, of thousand snakes, each one 
Was clianged into a coil of .stone 


CHAPTER X 

FORMATION OF UOOKS-(Coi?^//?w^.^7) 

OrganiL-all^^fot rued Uock.s— Lmiestone— Coal . Jlow Found— 

8i! itified Ho( k , -Section of Strata -Dip— Strike— Outcrop. 

4s 1 iie rocks now to be considered aie limedove and 
cocxl. These are called onfan ically-fo'rmed rocks (that is, 
rocks formed from the organs 
or parts of once living plants 
and animals), limestone having 
been derived nrainly fr#m the 
bodies of animals, and coal from 
those of plants. 

49. Limestone. — Every person 
is familiar with the appearance 
of chalk. Now chalk is merely 
soft, whitish limestone, and if 
a little of it is prepared and 
examined under a inicroseojK^ traces of the dead animals 
01 which It IS composed can be seen. It is found to con- 

T n fragments of 

shells. Some of the shells are shown in fig. 34. It will 
be seen that they are of different shapes. Now these 
Shells wwe formed in the soa by little animals that Uved 
therft piese little animals, about the size of a pin head 
had bodies soft like jelly. They formed their 8hell8.from’ 



Fig. 34.— Shells frem the Chalk 
(highly magnified) 
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a ^substance (called “carbonate or lime”) dissolved *in 
the sea water, and lived inside them. When they died 
their soft bodies soon perished, but their hard shells 



Fiji 35.— F.timiiites or S(.u-lilieb 


an, I’uitmns of jomtod stonib, 
b, m'lmiatc jointb 'Ihc vnj) and 
hcact, witii tentai'les closfd jii, i» 
Bt’Uii on the left 


or skeletons accumulated on 
the sea bottom and were ^O'a- 
dually compressed into lock. 

Such, tlieii, is how chalk lias 
been foimed, .and most other 
limestones have been produced 
in a simil.-ir way. The little 
animals must have lived in 
countless millions, for lime- 
stone is a veiy common rock, 
jind a vast number of shells 
would be necessary to make 


only a very small piece. 

Mou7itain L'miesfi/iic — A well-known variety of lime- 
stone is that known as the 'moiintdin I’uiu^sfotu'. It is 


composed of the joints of marine animals termed en- 
crin'des or sea-lilies (ti^s. corals, and shells, 

including the shells of the little, animals already de- 
scribed. 

This lim(‘stone receives its name 
from the fact that it often forms 
hills It is well seen in Derbyshire 
and other parts, and gives us an 
instancti of a rock formed at the 
bottom of the sea now occupying 
an elevated position. It shows that 
Fi(( so Suction of Moun- the parts of England where it is 
iYagmonts of Encrindcs now tound Tiiust long have formcd 
the bottom of a sea (§85). 

50. Coal: How Found. — Coal, we saw in the intro- 



ductory chapter, occurs abundantly in Britain, and in 
large or small amount in most countries. As mentioned 
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in chap, iv, it is found in beds or sheets called “ seams ”, 
Some of the seams are of very lar^e area, others of 
comparatively small extent. The thickness also varies 
greatly, running from a fraction of an inch to many 
feet. The thickc'st coal seam in Britain is the “Dudley 





r( VAA\'\jV/Vn^/Y\/) 



Fig. 87.— strata Bhowlng Soains of 
Coal, between which come beds of 
Sandstone, Shale, and Clay 
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Fig. 88.— Section of Coal Shaft 


Thick”, or “Ten-yard Coal”, in South Staffordshire, 
which ranges from 25 to 35 ft., but much thicker seams 
are found abroad. When a seam is very thin it is, as 
a rule, unprofitable to work, and when very thick much 
coal is usually lost in the extraction of it. 

Some seams of coal occur at the surface (figs. 39, 40); 
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oilnieTR lie hundrecls ol yards down. Usually there at( 
several scams at rlifierent depths and more or less paral 
lei (see %h. 37, 38). In many such cases two or three o\ 
the seams are woi*ked at the same time, the coal bein^ 
brought to the surface by means of the same shaft oi 
opening (fig. 38). Generally the seams nearest the sur- 
face are worked first, but as time goes on these become 
exhausted and the deeper seams have then to be opened 
up. Men, therefoi-(\ have to descend farther into the 
bowels of the earth to work th(‘ coal than they formerly 
did; and in the future they will have to go down tc 
even greater chipths. 

51. Stratified Rocks— In fig. 37, it will be noticed, a 
regular recurrence of beds of rock is shown— first (be- 
ginning at th<j bottom) sandstone, then underclay, then 
coal, then shale, then again saiidston(\ &c. Tlie reason 
for this arrangement of beds will aj)pear in the next 
chapter, but w^e must hen* nob* tiiat such an arrange- 
ment gives us another instance of “ stratification As 
W'o saw^ in §4(), when rocks occ^r in more or less parallel 
layers, such as is shown in fig 37‘ and as perhaps may 
be seen in a (piarry, raihvay cutting, or sea cliff, they are 
said to be “ stratified ”. Coal, like sandstone and shale, 
is therefore a “ sti’atified rock ”, as also is limestone (see 
again fig. 2<S) It should be noted that one of such beds 
is called a stratum, wdiile two or more adjacent beds 
ai’(* referred to as strata, this word being the plural 
of stratum. Thus in fig. 37, the strata shown consist 
of eleven beds or layers any one of which is a stratum. 
Then we must not forget, as indicated in the preceding 
chapter, that wdien rocks are stratified it shows that 
the material com})osing them was laid down in regular 
beds or layers — one on top of another, the bottom layer 
having been deposited first. 

52. Section of Strata (or Geological Section). — Fig. 37 
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serve^ also to illustrate what is known as a sectioit 
strata (or geological section). If we cut any obj 
through so as to show its interior, we obtain a “s 
tion ” of the object, and, similarly, we get “ sections 
strata” when we cut down, more or less perpendh 
larly, into the rocks. We can see sections of strata 
(juarrios, railway cuttings, and sea cliffs. Holes boi 
deep into the ground and shafts sunk down to C( 
seams (fig. 38) give sections which show the thickn 
and nature of the beds to considerable depths. 

Sections of strata, it should be understood, are eitl 
vertical or Jiorizontal. Those which show the ord 
tliickness, &c., of the beds at any place, as in the cf 
of shafts or bondioles, ar(‘ termed vertical sections, wh 
those which show the general arrangement of the strf 
along any given direction, as, say, in the case of a ra 
way cutting or canal, are called horizontal sections. 

It is plain, then, what a s(K;tion of strata is; and a 
such opening into the rocks, whether it is natural 
artificial, is of use in allowing the form and positic 
of the beds; but gcfologists, we must note, are able 
draw on paper* ideal or imaginary sections. Th 
have special maps, termed “ geological maps ”, whi 
have been consti'ucted to show the rocks appearing 
the surfac(? in different localities, and from the inf< 
mation contained in these maps a geologist can 
down in his room and make drawings or diagrai 
showing the general arrangement of the rocks eitl 
veitically at any place or horizontally between a: 
two places. Thus it is quite possible for a geolog 
to make a drawing (or “section on paper”) showi 
the general arrangement of the rocks between, 8£ 
the east and west coar^s of England, across Scotlar 
or between any two points represented on the geologi< 
inap, without having to cut into the ground. T 
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■dTa\v'mg» or d\a^ra\\\» are a\HO , an^i 

thereiiore wc have to be careful to diKtiujCfuisb between 
a section ns shown on paper and a leiil section. Fig. 
W shows ti section constructed from ti geological map. 
It will be beU(‘i- uixlerstoofl after cl lap. x\ i Jias been read. 
Geological maps will also be reierre<] to in chap. xvi. 

53. Horizontal and Inclined 
Seams, Dip of Strata. — Now 
let us retnrn to our consider- 





rig !i9 Cojtl Mcasnrefi occur- 
nnp lionzoiital 


Fiji 40 Coal Moasiirp'^ occur- 
iing veitical 


atioii of the niod(‘ of occurrence of coal seams. Some 
seams are found lying (piite Hat, but most arc more or 
less inclined (figs. 39, 40), and may even be vortical. 

Now, the inclination of a seaip of coal, or of any bed, 
is called its dtp, and is measured ,by the angle which 



the bed makes with a horizontal plane. Thus, if we 
hold a slate in a [lerfectly horizontal position, a 6 (fig. 
41), the under side of it will represent a horizontal 
plane. Another slate, held in the position cd, making 
an angle A with the first slate, wdll stand for the bed 
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seam, w\u\e l\\e angVc k -wiW be tAie dip oi t\\e ^am, 
or tl?e amount it inclines or slopes away from the Jiori- 
zontal position. 

If the shite cd is held halfway between the horizontal 
and the vertical, tlieii tlie an^le A will be 45 decrees 
and the b(id cd will have a dip of 45 degrees If cd 
is vc'rtical, then the angle A will he 90 degrees, and 
thei’cfore the dip of the bed 90 degrt;es. \i'e see, then, 
that il‘ the dip is 0 degree, the b(‘d is horizontal; if 
90 degrees, that it is vertical; while a dip between 
0 and 90 degrees imlicab's that llu; bed is occupying 
a position between the horizontal and the vertical. The 
amount ol’*the dip of a bed is ascertained by means 
of an instrument called a clinometer, a simple form of 
which it is very easy to construct. 

It is always well to note the direction of dip as well 
as its amount; that is, whether the bed dips in the 
direction of north, south, east, or west, &c. The slates 
on the roof of a house may be taken to represent two 
beds dipping in opposi^-e directions, while an anticline 
or a syncline (Hg. 2S) shows the same beds dipping in 
opposite directions. Inverted strata dip in an opposite 
direction to what they did at first. 

When speaking of inclined seams, miners use the term 
rise as well as dip. Thus, if the seam is being worked 
downhill, they say that it “ dips ”, or is being “ worked 
to the dip”, but if uphill that it “rises”, or is being 
“ worked to the rise ”. Again, they often state the 
amount of dip in inches per yard instead of degrees. 
Thus a dip of 1 in. per yard would mean that the seam 
dipped 1 in. in each yard of distance; a dip of 2 in, per 
yard, that it would dip 2 in. in each yard of distance; 
and 80 on. If the seam were being worked uphill, the 
miners would speak of a rise of 1 in. per yard, 2 in. per 
yard, &C. Then the expression 1 in “ so many ”, as, for 
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exaiAple, 1 in 4, 1 in 5, 1 in 6, (fee., is often also used.* 
Here a dip of 1 in 4 would mean that the seam dipped 
1 in each 4 of distance, as 1 in. in 4 in. of distance, 
1 yd. in each 4 yd. of distance, 1 mile in each 4 miles 
of distance, and so on. As before, if goin^ uphill, the 
miner would speak of a rise of 1 in 4, 1 in 5, &c., as 
the case might be. Fig. 42 also illustrates dip. 

54. Strike, — Fig. 42 illustrates anotln^r term used by 
geologists, and also by miners, namely, stril'e. The strike 
of a bed is the line or direction at right angles to the 



dip Thus, if a slate is held or ti.xed in a sloping posi- 
tion and a drop of water placcal on it, the water will run 
down the steepest part of the slate. The track of the 
water will represent the line of dip, while a line drawn 
at right angles to it will be the line or direction of the 
strike. 

If the dip of a bed is due south, then the direction 
of the strike will be due east and west. Again, if the 
line of strike is east and west, then the bed must dip 
either to the north or to the south. This can be com- 
pared to the slates on the roof of a house, the ridge 
representing the line of strike. 

The line of strike, being at right angles to the dip, 
is always a perfectly horizontal or level line. Tliis may 
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*be sjiown by walking full to the dij) and then td" the 
rise. If now we proceed at right angles to our former 
course we shall be going neither to the dip nor rise, but 
along the horizontal or level. Miners usually speak of 
tlu^ direction of no dip as level-course, and a road which 
is being driven at right angles to the full dip, or in the 
direction of no dip, is said to be “going level-course”. 

55. Outcrop. — An inclined seam of coal may appear at 
the surface, and is then said to outcrop (figs. 39, 40). 
lliis word is used both as a noun and a verb, the part 
of the seam seen at the surface being called “ the out- 
crop”. Fr^an hg, 39 we can see that it is possible for 
liorizontal strata to outcrop if the beds terminate in the 
side of a valley or hill. In searching for coal in a new 
or unexplored district the discovery of an outcrop is 
of the greatest importance. 

Another name sometimes used instead of outcrop is 
basset It is the outcrops of strata that are represented 
on geological maps. 


CHAPTER XI 

FORMATION OF ROUKb~(6’oyiri7med) 


Coal; Formation, &c. — Peat — Lignite, Ac. 

56. Proofs that Coal has been Formed from Vegeta- 
tion. — We saw in §48 that coal is an “organically 
formed rock”, having been derived from the remains 
of plants. We can prove this to be the case in several 
ways. If, for example, very thin slices of coal are 
examined under a ifticroscope, the spore cases or seed 
vessels of plants can often be seen, also traces of bark, 
&c. Then, by treating coal in a certain way, called 
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Fig -1. A Forn, 2, Oalamlte, a “hoj-so-tail ; S. Sijrillana, witli its roots 
(known us Stigmaiia) atta(iic<l 


“analysing it”, its composition is found to be such as 
if it had been formed from vegetation. Again, the bed 
of rock, called “underclay” (hg. 87), 
which is found under most coal s( 3 ^ms 
is frec^uently penetrated by roots of 




near Livei])ooI 


Fig. 46.— Lepldodondron 
01 “Scale-tree", ao named 
from the leaf-ecars on atem 


plants, while the coal itself, or stratum of rock above 
it, may contain the fossil trees, or parts of their stems, 
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^belonging to these roots (tig. 44), as well as impressions 
of ferns or other plants (tig. 81). 

Figs. 48-5 show some of the plants from which coal 
has been formed. 

57. The Underclay an Old Soil. — Now, seeing that coal 
has clearly been formed from vegetation, and that the 
uiiderclay, or bed nnder the seam, sometimes contains 
roots, we must conclude that the iinderclay is the old 
soil on wliicli th(' vc'getation now changed into coal 
grew. Such is believed to be the case. Of course under- 
clay does not now resemble soil. It is, in fact, a hard, 
greyish-coloured rock. But w(‘ must remember that it 
has been buried for ages in the gr-ound, and that the 
pressure of the sti-ata above it would harden it into solid 
rock. At the time the coal-forming plants were growing 
it V'Ould be at tin? surface, and would then be soil. 

Absence of Underclay . — Where tlnu’e is an underclay > 
th(Mi, the vegetable matter forming coal would grow on 
the area or spot now occupied by the coal. But this 
could not be the case v\*h(‘re, as sometimes happens, there 
is no underclay uiRler the seam and no trace of roots. 
In such circumstances it is believed that the coal-forming 
plants drifted from adjacent land and were deposited on 
the area on which the coal is found. 

58. Conversion of Vegetable Matter into Coal. — The 
question of how the vegetable matter was changed into 
coal now arises. Well, we know that if vegetable sub- 
stances, such as leaves, &c., are left lying on the ground, 
they decay and go to form part of the soil. That is 
because they are acted on by the air. But if the vege- 
table substances are protected from the air, as by being 
buried in the ground, and are subjected to the actions 
of pressure, heat, and'^moisturc, it is found that they do 
not crumble into powder and disappear, as when exposed 
to the air, but are gradually changed into coal; or they 
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become, as we say, 'niineralized, that is, converted int6 
a mineral or stony substance. Now, that is the way in 
whicli coal is believed to have been formed, hence we 
often sp('ak of coal as “ mineralized vegetable matter ” 
or “ minerali/e<l vegetation ”, &c. The coal-forming vege- 
tation, as we shall see towaids the end of the present 
chapter, became buried in the ground under immense 
heaps of mud and sand, now found as shale and sand- 
stone (figs. d7, .‘is) Thus the pri'ssure ui)on it would 
be Vi'ry gi’cat. The temperature would incrc'ase, as the 
buried mass was protected from the action of the air, 
and thus, under the combined ellect of i)ressin-(‘, heat, and 
moisture, the vegetation would be converted into coal. 

It is known that vegetable bodies are composed of 
the substanc<‘s called “ carlxai ”, “ hydrogen ”, “ oxygen ”, 
and “nitrogen”, in proportions wdnch vary with the 
variety of plant. Carbon is a heavy, wlid substa'iice 
that can be seen and handled like a j)i(‘ce of wood or 
stone. Hydrogen, ox^^gen, and nitrogen are gaaes which 
we cannot see, just as we cannot see air, or coal gas 
when w^e light it at the jet. Now ii is found that when 
vegetation changes into coal the proportion of carbon 
increases, while that of each of the other substances 
decreases. This is seen from the following table: — 


Substance 

I’eiceutage 

of 

eaibon. 

Percentage 

of 

Hydrogen. 

Percentage of 
Oxygen 
and Nitrogen. 

Weight 
ofaC. Ft. 
in Lb 

Wood 

50 

6 

44 

31 

Peat 1 

00 

6 

34 

63 

Lignite 

68 

5 

27 

65 

Common Coal 

86 

5 

9 

81 

Anthracite .. 

95 

2-5 

2-5 

93 


The wood represents the vegetation, and the table 
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sho\j's the increase in the proportion of carbon* and 
decrease in the other substances as we advance from 
wood to peat, from peat to lignite, lignite to common 
coal, and common coal to anthracite. The table also 
shows the approximate w^eight of a cubic foot of each 
substance, and we can see how this increases as the 
substance grows richer in carbon. 

Feat — Peat is found in bogs and marshes, and when 
dried is used as fuel. It is a vegetable substance, as 
can be seen by examining it, formed by the growth 
and decay of mosses and other marsh -loving plants. 
Th(‘ mosse^, &c., grow on the surface of the peat bed, 
and as one generation dies another springs up in its 
place, in this way adding to the thickness of the decay- 
ing mass. The vegetation at the surface is green, but 
a few inches down we tind the dead leaves, roots, &c., 
compressed together and the colour brownish. Farther 
down still the mass is more compressed and the colour 
darker, the appearanc(i being now more like that of coal. 
The vegetation has, in iact, become partially mineralized. 
It has lost some of its hydrogen, oxygen, and nitrogen, 
and gained in carbon (see table). Peat, then, may be 
regarded as showing the first stage in the conversion 
of vegetable matter into coal. 

Lignite. — Lignite shows the next stage. As seen from 
the table, it has more carbon than peat, and less of the 
other substances. It is coal, but not true coal, and i^ 
often described as “ vegetable matter incompletely 
mineralized It is brown in colour. 

Common Coal . — Common coal shows the third stage. 
It has much more carbon and much less of the other 
substances than lignite. 

Lastly we come to anthracite. This also is coal, 
and, as we see from the table, has become so completely 
mineralized as to consist almost entirely of carbon. 
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5&. How the Coal comes to be Buried under Sandstonrf» 
Shale, &c. — We must now see how the vetjctation from 
which coal has resulted became buried uncier the masses 
of mud and sand found at the present time as shale and 
sandstone. It was due, in the tirst instance, to the sink- 
ing of the land. The coal-forming plants ^rew, it is 
believed, in swamj)s, or marshy areas, not much above 
sea level (tig 4(j). The climate was warm and moist. 
The vegetation sprang up quickly, then died, and accu- 
mulated on the land. The land sank slowly, as we 
learnt in chap, viii, and the vegetable mass disappeared 
und(ir the surface of the sea. Mud and sf^nd brought 
down by rivers were spread over it. In course of time 
the sea bottom became tilled up, as we saw in the 
formation of deltas (§44), and a new land surface w'as 
formed. Vegetation again sprang u]), died, and accu- 
mulated. Again the land sank slowl 3 ^ and the second 
vegetabhi d(‘posit becalms coven'd over with mud and 
sand. Once more a new land surface would be formed, 
and the operations of growth, accumulation, subsidence, 
and deposition of mud and sand repeated. As the subsi- 
dence continued, and the deposits of mud and sand grew 
thicker, the pressure on the buried vegetable mass would 
become greater and greater, and so it would be gradu- 
ally changed into coal. The underclay would be har- 
dened into rock, and the mud and sand converted into 
shales and sandstones — all in the manner we have 
already learnt. 

In this way, then, the coal-forming vegetation is be- 
lieved to have been buried, and in this way we can 
account for the IxmIs of underclay, coal, shale, and sand- 
stone occurring as shown in fig. 37. Each bed of under- 
clay represents an old land surface, each seam of coal 
the vegetation that grew on that surface, and each bed 
of shale or sandstone the mud or sand brought down 






(016S) 


Fig. 46 .— Reatoratiou of a Coal-measure Forest, showing SigiUaria, Lepidodendron, Calamites, Ferns, «fcc 
Fishes and amphibia swim in the waters of the old swamp 
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by rivers and deposited on Uie top of the subiner^t d 
vegetation. Wlien a coal seam is thick it mean% that 
the surface of the land remained undisturbed for a long 
enough p(‘riod to enable large masses of vegetation to 
accumulate; when the seam is thin, that the land sur- 
face was stationary for a comparatively short interval. 
Again, great thicknesses of shale and sandstone between 
the coal seams indicate that the subsidence extended 
over a long period, while alternations of shale and 
sandstone, and (dianges in the same b(Hl from shale to 
sandstone, or sandstone to shale (§45), show that at 
times the depth of the water varied, the mud being 
deposited in the deeper areas and the sand in the 
shallower, just as we saw was tlu; case in chap. ix. 

In the working of coal seams we meet with many 
irregularities which we are able to explain when we 
know how coal has be(m formed. These will form the 
subject of the next chapter. 


CHAPTER XII 

FORMATION OF RO(JKS-(Co«/mwed) 


Irregularities in Coal Scams — Rfills, Swcllies, &c. — Variations 
in Quality, &c.— Faults. 

bO. Irregularities in Coal Seams.— It is very seldom 
that a seam of coal remains unifoT’m in all respects 
throughout its entire extent. 

Rolls . — Sometimes in working the seam we may find 
the thickness to decrease on account of a sudden rise in 
the floor without a corresponding elevation of the roof. 
Such an occurrence is known as a “ roll” (fig. 47). Rolls 
are believed to be due to inequalities in the surface of 
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tWe ground on wliich the coal -forming vegetation Vas 
deposTted. They arc very frequent in mines. 

Swellies . — A “swelly” (fi^. 48) is a thickening of the 
coal caused by a depression in the floor. Swellies are 
also believed to hv due to inequalities in the old land 
surface. 

Ni'p-outs. — Soinetim(‘s the roof and floor of a seam are 



FiR. 47.-A "Roll" Flp 48 -A "Swelly” 


found to approach each other, so that the coal diminishes 
in thickness, and may ultimately die out. This is some- 
times termed a “ nip-out”. 

Wash-outs . — “ Wash-outs” (fig. 40) are thought to 
be the result of the action of rivers which first cut 
or “washed” away the ^oal or coal-forming vegetation, 
and then deposited sand, gravel, &c., in its stead. The 



Fig. 49 —A " Wnsh-oiit" 


distance between the ends of the seam is sometimes 
considerable, as if a valley had been formed and then 
filled up. Miners usually speak of wash-outs by the 
name of “want”, this term being used generally to 
indicate barren or “dead” ground. 

61 . Splitting, &c., of Coal Seams. — In the working of 
coal we sometimes meet with bands of stone which split 
up the seam into two or more layers. Such an occur- 
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the other case we must cut up or dig down, according 
to whichever part of the scam we happen to be in. 
Miners usually have names of their own for the difierent 
kinds of irregularities to he found in coal seams, and 
often tlie name for the same kind of occurrence is dif- 
ferent in ditferent localities. Th(‘ term “trouble”, for 
example, is a very common om*, and is applied to all 
sorts of irregularities. Thus, if a seam has many dykes, 
intrusive sheets (chap, xiv), or faults, it is said to be 
“troubled”. The word “stt;p”, too, is often used instead 
of “fault”, while if tlie vertical movement of the beds is 
only a few feet the term “hitch”, “heave”, and “slip” 
aie employed. 

In fig. 51 // indicates the pUtne, of the fault (or “ fault 
plane”), that is, the jdane along which the beds have 
been itiovikI. Or, if we prefer it, we can say that it 
represents the “break” or “tissure” in the rocks (or 
“line of dislocation” or “fault fissure”). But in any 
case we must note carefully as to the width of the 
tissure. From the line used m diagrams to represent 
it iff tig. 51, for example) we are apt to think that it 
can be nothing more than a crack. That is frequently 
the case, the rocks fitting so closely together as to render 
it impossible to insert anything thicker than a knife 
blade between thmii, but often the fissure is several feet 
in width and may be as much as several yards. Such 
fissures are usually filled up with solid rock matter, 
termed fault rock or fault breccia, consisting of rock 
fragments which were torn from the beds as they were 
forced past each other, and afterwards bound together 
into a solid mass. Sometimes they also contain mineral 
substances which have been d(iposited by water. Then 
sometimes the walls of the fracture are finely polished 
and grooved by the grinding of the rocks against each 
other. This is called slickensidcs. The crack or fissure, 
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it wiy be obnerved, is more or less inclined; in some 
faults, however, it is vertical. Very often the crack or 
fissnrti is termed the fault, but we must notice that a 
mere crack or fissure does not constitute a fault. To 
have a fault as the j^eolo^ist understands it there must 
be movement of tht> strata as well as a fractoire. 

(J4. The throw of a fault is tlu; amount of vertical 
displacement of the beds, or the distance they have been 
moved ulraif/ht ap or doivn. To be able to tell, then, 
the throw of a fault in the casci of 
any coal seam, we must know the 
perpendiculai- distance from the floor 
of part of seam on one side of fis- 
sure to floor of part of seam on the 
other .dde (ar, fl^. 52.) (Or we 
may measuri* from roof to roof if 
we prefer.) We must be very («ire- 
fnl not to confuse “throw” with AC, 
the distance the beds have “slipped” 
or been moved alonv the fissure. 

It is not of much importance, but it 
may be mentioned that this is called the slip, while BC, 
or the amount the beds have been “shifted” or moved 
horizontally, is termed the sA ift of the fault The dis- 
tance BC is also called the width of the fault. The width 
of the fault denotes the extent of the barren ground. 

The throw of faults varies from a fraction of an inch 
to thousands of feet. When it is not more than a foot 
or two, miners, we have seen (§ 63), term the dislocation 
a “hitch”, “heave”, or “slip”. Other terms sometimes 
used to denote faults are “checks” and "slides”. 

Downthrow or Upthrow Fault — A fault is called a 
downthrow or upthrow according to the part of the 
seam or bed in which we happen to be when approaching 
it. Thus, if we are in the upper part of seam (a, fig. 



Ordinary or 
Noiinul Fault 


AB - throw, angle bac 
- Imdc. 
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52), we aay the fault is a “downthrow”, while rif we 
are in the lower part (c, fig. 52) we aay the fault is an 
“upthrow”. Thus the same fault is both a downthrow 
and an upthrow to a person appi-oa(diing it from different 
directions. Other names for “ downtlii’ow” are dipper 
and downcast, and for “upthrow” wprast and riser. 

Hade. — This is anotlnu- term used in connection with 
faults. If we are working in a seam and strike a fault 
we must find out whether it is an upthrow or down- 
throw. Here a knowh'dge of the hade is of great value, 
but as the rule can he reduced to a simple practical 
form we need not trouble about hade further than to 
note what it is. The hade of a fault, tlum, is simply 
the inclination of the fault i)lane. In measuring it the 
amount the fissure inclines or slopes away from the 
vertical is taken (not from the horizontal as in the case 
of “dip of a bed”). Fig. 52 makes it (piite clear. 


CHAPTER XIII 

FORMATION OF ROCKS-(Cor/mmO 

Faults {Govtinned ) — Varieties of Faults — Finding the Con- 
tinuation of a Seam Broken hy a Fault. 

65. Varieties of Faults. — Faults are of several kinds. 
Figs. 51, 52 show ordinary or normal faults. As im- 
plied by the name this variety of fault is very common. 
It occurs with more or less throw in most collieries. 

Reversed or Overlap Faults (Fig. 53). — This kind of 
fault, as indicated by the first of the names used, is 
the reverse of the ordinary fault. Here the beds have 
been pushed over one another so that they overlap. 
Reversed faults are rare in coal mines. 
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Twugh Faults . — Those consist of two faults, the fis 
siires of which hade or slope to each other (see fig. 54) 
The beds thrown down are of the shape of a wedge 
It -will be seen that a trough fault constitutes both e 
downthrow and an upthrow fault whether we are 
working tlu^ seam from the left to the right or right 
to left. 


JStdp faults are a number of parallel faults occuiring 
one after the other so that tlie strata appear as if let 
down in a series of steps (see left of fig. 26). The 



Fig W.— Re versed Fault 

AB - throw; angle BAC 
= hade. 


Fig. 54 —Trough Fault, in 
which tlie beda are thrown 
<lown 18 ft 


66. Finding the Continuation of a Seam Broken by a 
Fault — When a seam of coal wliich is being worked 
is found to be cut off by a fault, steps must be taken 
to discover the lost portion of the bed. The question 
of whether the fault is an upthrow or downthrow 
first arises, and then must be ascertained the amount 
of the throw. In answering the question as to the 
direction of displacement, the hade, as has been men- 
tioned, is of great service. The rule is that the fault 
hades or slopes to the downcast side (a to c in fig. 
52), but taking the sbnplest possible way of this we 
say that if the fault plane leans to the observer at top 
and away from him at bottom it is a downthrow (a 
fig. 52), while if it leans to him at bottom and away 
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from liiin at tlio top it is an upthrow (c, fig.^ 52 j. 
This is quite clear if we imagine ourselves to be 
standing in the seam looking at the face of tlie fault 
rock, first at A and then at c. 

But we must remember the above rule applies only 
to ordinary faults. Thus, if we look at tig. 53, wliicli 
shows a reversed fault, we can see that th(‘ very opposite 
is the case, a crack or fault plane h^aiiing to the obseiwer 
at the top and away from liiin at the bottom, indicating 
an upthrow, and vice versa. This is because reversed 
faults are the opposite of ordinary faults, liading to 
upthrow side (a to o in tig. 53) instt^ad ^;f to down- 
throw side, as in the case of ordinary faults. But we 
need not trouble ourselves about tlu^ reason, or the fact 
that the rule does not apply to reversed faults, because 
this kind of fault is so rare in coal mines its existence 
is ignored and the dislocation assumed to be a normal 
one until the opposite is actually known to be the case. 
We therefore always follow the rule given in the pre- 
ceding page, unless we have reason to believe that the 
fault is a reversed one. 

Besides the guidance afforded by the hade, other indi- 
cations are looked for as to the direction of displace- 
ment. Thus the seam may be found to rise a short 
distance away from a downthrow fault and to dip on 
approaching a rise fault, but this is not regarded as 
a good sign. A better one is the thinning or “tailing 
out” of the coal in the direction of the displaced bed. 
The tailing arises from the fact that tlie beds bend 
a little before breaking; the bent ends therefore thin 
out in the fissure and lie towards each other. This 
indication is of especial value when the fault fissure 
is nearly vertical. 

Having made up our minds as to whether the fault 
is an upthrow or downthrow, we proceed to .ascertain 



FORMATION OF ROCKS 


75 


flic ppsitioii of the displaced bed. It may be possilfle to 
find it by following the fault fissure, or “ vees ” as it is 
sometimes called. If that is not successful a drift may 
liavp to be driven througli the fault rock, and the beds 
on the other side examined and compared with a section 
of the seam (§52). If this also is unsuccessful a bore- 
hole may havii to be commenced near the face of the 
drift, being made in an upward or downward direction' 
as the case may be (sometimes in both in cases of doubt). 
The section of the strata so obtained is compared with 
the shaft section, and this may lead to the location of 
the coal. ^ometiiiKJs the borehole is continued right 
into the seam. The throw now being ascertained, the 
steps deemed necessary to win the faulted portion of 
the seam can be gone on with. Sometimes finding the 
position of the coal cut off by a fault is termed ‘prov- 
ivg the fault. 

(17. Effect on the Coal of Faults. — It is interesting to 
note the effect of faulty on the coal next the crack. 
Sometimes there is no* change either in its (juality or 
nature, but usually*it is inferior, and either harder or 
softer. The thickness also generally varies, sometimes 
increasing, but more usually decreasing, next the fault. 
Often the ends of the beds are much broken, and the 
changes so great as to indicate the presence of the fault 
before the fracture is actually reached. 

Occurrence of Faults . — In regard to this it may be 
said that often when one fault is met with others are 
found to occur parallel to it, that sometimes two sets 
of faults run at right angles to each other, and that 
frequently a large or main fault is found to split up 
into a number of ininQi* or branch faults. 
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CHAPTER XIV 

FORMATION OF ROCKS-((7ori«mm/) 

IgneouH Rocks—Fragmental and Crystalline Igneous 
Rocks — Dykes and Sills — Minerals. 

68. Formation of Igneous Rocks. — We liave now readied 
the hard rocks sndi as basalt and granite. Those are 
called igneous (or “fire-formed”) rocks (L. ignis, fire), 
because they have cooled down and solidified from a 
molten state. They are the result of volcanic action 
in former times. The lava, we have seen (§13), comes 
from the intei'ior of the earth, where it is very hot. 
When it cools, igneous rocks are formed. 

Such in brief is how igneous rocks originate, but it 
will be well to consider the matter a little more fully. 

When a volcano (hg. 6) is in action large volumes of 
steam and gases are dischargeij into the air with great 
force. The steam and gases are* pent up in the ground, 
and in finding their way out break off pieces of stone 
from the sides of the vent and crater. These are forced 
high up into the air, accompanied by clouds of ashes 
and dust. 

The steam condenses into water and falls as rain. 
The stones and a.shes drop all around the volcano, 
and may afterwards be cemented into rock by the 
mud formed from the dust and falling rain, or they 
may remain quite loose and incoherent. 

Sometimes the dust and steam rise to heights of 
several miles, and the former, being caught by upper 
currents of air, may travel for long distances before 
settling down. It was in this way that Pompeii and 
other cities became overwhelmed by the dust of Vesuvius 
in 79 A.D. Mud streams may also be formed. The 
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k>wii of Herculaneum was buried by such a streaM in 
the Shme eruption as destroyed Pompeii. 

Followinj^ the discharges of tlie steam, &c., the lava 
riscis in the vent. This sometimes does not reach the 
surface. Wlien it does, lava streams are formed, and 
tliese may extend for many miles. Wlietlier the lava 
oven’llows at tlie surface or not, there will always be 
a large suj)p]y deep down in the ground, and when 
this cools rocks will be formed just as they are from 
tlie molten matter on the surface. But we note that 
the molten matter which rises to the surface, or comes 
near to it, will lose its heat much more rapidly than 
the materiaf which remains at considerable depths. 

til). Fragmental and Crystalline Igneous Kocks. — Now 
it is plain that there must be a great dillerence between 
the igneous rocks formed fi'om the stones, &c., discharged 
from the volcano an<l those which result from the cool- 
ing down of the lava. The former are made up of frag- 
ments — pieces of lava solidified from a former eruption 
and plugging up the t(^p of the vent, and even pieces 
of stratified rocks — and are therefore called fragrtiental; 
the purely lava d’ 0 (*ks, on the other hand, consist of 
original matter brought up from the interior of the 
earth, and are called crydalline. 

When a rock is said to be crystalline it means that 
the minerals of which it is composed are in the form 
of crystalfi (fig. 55). The crystals are formed in the 
rock as the molten matter cools from the liquid to the 
solid state. We can obtain a good idea of the crystal- 
lization of substances if we dissolve some alum in about 
twice its weight of hot water, and then allow the solu- 
tion to cool. The crystals of alum form on the sides of 
the vessel containing tHe solution, or on any substance, 
as a piece of thread or stick, immersed in the latter. 
Similarly, we can obtain crystals from melted solid 
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CHAPTER XIV 

FORMATION OF ROCKS-((7ori«mm/) 

IgneouH Rocks—Fragmental and Crystalline Igneous 
Rocks — Dykes and Sills — Minerals. 

68. Formation of Igneous Rocks. — We liave now readied 
the hard rocks sndi as basalt and granite. Those are 
called igneous (or “fire-formed”) rocks (L. ignis, fire), 
because they have cooled down and solidified from a 
molten state. They are the result of volcanic action 
in former times. The lava, we have seen (§13), comes 
from the intei'ior of the earth, where it is very hot. 
When it cools, igneous rocks are formed. 

Such in brief is how igneous rocks originate, but it 
will be well to consider the matter a little more fully. 

When a volcano (hg. 6) is in action large volumes of 
steam and gases are dischargeij into the air with great 
force. The steam and gases are* pent up in the ground, 
and in finding their way out break off pieces of stone 
from the sides of the vent and crater. These are forced 
high up into the air, accompanied by clouds of ashes 
and dust. 

The steam condenses into water and falls as rain. 
The stones and a.shes drop all around the volcano, 
and may afterwards be cemented into rock by the 
mud formed from the dust and falling rain, or they 
may remain quite loose and incoherent. 

Sometimes the dust and steam rise to heights of 
several miles, and the former, being caught by upper 
currents of air, may travel for long distances before 
settling down. It was in this way that Pompeii and 
other cities became overwhelmed by the dust of Vesuvius 
in 79 A.D. Mud streams may also be formed. The 
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lieing a substance wliich results from tlu' rapid coiftling 
of fu?>ed matter; and in the latter case, to see tlie crys- 
tals we require to prepare thin sections of the rock 
and examine these througl) a microscope. 

JSow, as has already been pointed out, lavas whicli 
reacli the surface cool more quickly than those which 
do not, and consecjuently the rocks formed from them 
are either glassy or have their crystals smaller and' 
less perfectly formed than the rocks derived from the 


dtMqjer-down material. 
This is shown in the 
case of basalt and 
gi'anite, the rocks al- 
ready mentioned, the 
former having resulted 
from molten matter 
which reached the sur- 
face, or approached 
very near to it, and 
the granite from that 



F, Ciystals of felspar; Q, crystals of quartz ; 
M, ciystals of mica. 


which remained deep 


down in the earth and did not come to the surface. The 


lava forming the granite therefore cooled more slowly 
and under greater pressure than that from which the 
basalt was derived. The crystals of its minerals, namely, 
quartz, felspar, and mica, are accordingly larger than 
those of the minerals of which basalt is composed, and 
at least the felspar and mica crystals are visible to the 
naked eye (fig. 56). To see the crystals of basalt we 
usually require the aid of a microscope, 

A rare but perfectly glassy form of basalt is known 
as tachylite. It is produced by the sudden cooling of 
the molten basaltic matter in contact with rock, hence 


.is sometimes found occurring as a thin crust on dykes 
(§7l), In another form, called dolerite, the cooling of 
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the t^iiolten rock matter has gone on comparatively 
slowly, and the crystals are consequently to be seen 
by the unaided eye. Thus we have three varieties of 
the same rock, the ditferences in their texturti being 
due to variations in the rate of cooling of the molten 
rock matter. Bas<‘ilt and dolerite are lieavy black rocks, 
and are very common in Britain. 

In connection with tlm formation of granite from 
molten matter which remained deej) down in the earth, 
we must note that the piesent position of large masses 



Rk 57 — Iftneous Rocks, a,<,b, breiikinjj tliiounh and intnuliTif? on Stratified 
Rockn Tlie igncouB rookB at c ))reak tliiougli tlic BiiiidBtonefi, shales, (Sie., nearly 
at a right angle, hut the iutruhlvu hand b has fojced its way laterally, and lies 
ainnist parallel to them 

» 

m 

of this rock on the surface of the earth, and even form- 
ing parts of mountain chains, is due to elevation of the 
earth’s crust and to denudation. 

70. Igneous Hocks not Stratified and Unfossiliferous. — 
Now in relation to igneous rocks we must notice that 
tliey do not occur in regular beds or layers like coal, 
sandstone, &c., but in huge irregular or shapeless masses 
(fig. 57), often standing high above the general level of 
the country. For this reason they are termed un- 
stratified rocks, in contradistinction to coal, shale, &c., 
which we know are called stratified rocks. 

Sometimes volcanoes occur under the sea (hence 
termed submarine volcanoes), and the material dis- 
charged from these, as well as the dust, ashes, &c., 



FORMATION OF ROCKS 


81 


reacli the sea bottom from land volcanoes, be- 
‘ome covered ov(‘r witli deposits and thus may form 
i)eds; but these are (‘asily <listin^ui8hed from the regular 
^tratifie(l rocks. 

Again, except for the remains of trees, animals, and 
Hsli Komelinu's found in the volcanic ash, igneous rocks 
‘ontain no fossils, lu'uce ar<‘ sometimes calk'd wfosnil- 



Fig 68 —Dyke of IgneoHR Rock, pd' (Bagalt), traversing Sedimentary Strata SS' 


\fer0U9 rockn, the stratified rocks, which we have seen 
lo contain fossils, being known as fossiliferous rocks. 

71. Dykes and Intrusive Sheets or Sills. — We must now 
jonsider what are known as dykes and intrusive sheets 
w sills. These are of great importance from the mining 
X)int of view. 4 

A dyke (fig, 58) is a wall-like mass of solidified 
gneous matter found cutting up through other rocks, 
[t has been formed by the molten lava, when the volcano 
( 0168 ) 7 
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was in action, forcing itself up through the breaks in tne 
rocks and afterwards cooling down and Ho]idif 3 dng. 

Dykes are more or less vertical and descend to un- 
known depths. They sometimes terminate before reach- 
ing the surface, but when they appear iln're, being 
harder than the surrounding rock, and therefore less 
subject to the effects of denudation, may be found stand- 
ing several feet above tlie latter. Hence ilieir name, 
“dyke” (or “dike”) being the connnon Scotch word for 
wall. Some dykes are only a few feet in length; others 



Fij;. 5ft — Ii>tru8ive Sheet of Ihasalt (o, a), wliieli has altered the Sandstone Bed (6) 
above it, and also tlio Bed of Shale below it 

run across the country for mik\s. They also vary in 
thickness, from less than 1 ft. to more than 100 ft. 

Intrusive sheets or sills are masses of igneous rock 
occurring between the stratified rocks (figs. 57, 59). In 
this case the molten matter has thrust or intruch'd 
itself along the junction of the beds of sandstone, shale, 
&c., and there solidified in the form of sheets or layers. 

Intrusive sheets or sills are more or less parallel to 
the stratified rocks between which they occur; some- 
times they send off veins or shoots into the latter. 

Other Names for Dykes, &e . — As lias been seen, a 
common name in some districts for any hard rock such 
as basalt is “whinstone” or “whin”. Miners therefore 
speak of “whin dykes”, and “whin floats”, the latter 
term signifying a sill or intrusive sheet. Often the 
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woi'd^ “whin’’ and “float” are used alone, the former 
term bein^ employed to denote any very liard mass, as 
distinguished from the regular rocks, which are usually 
only comparatively hard. “ Float”, ol‘ course, always 
means a “sill”. 

72. Effect of Dykes, &c., on the Stratified Rocks. — As 

might !)(' expected, the eflect of dykes on the stratified 
rocks through which they pass is usually very marked. 
Owing to the great heat of the molten mass the strata 
on each side of the dyke are baked and altered. Lime- 
stone, for example, is changed into marble, sandstone 
into a hard n’ock known as “ tjuartzite”, and shale into 
hard, slaty rocks, while coal may be so “ burnt ” as to be 
nothing but a cindery mass. 

Sometimes the outer })arts of the igneous mass itself, 
where in contact wdth coal, undergo alteration, being 
found to be lo.ss hard and of a whitish or yellowish 
colour. Miners then sometimes apply the names “ white 
rock”, “white trap”, and “white horse”. 

Lills or sheets have a* similar effect to dykes. They 
may be found above or below the seam, or even spread 
through the coal itself, with the result that the latter 
may be so burnt as to be quite unfit for use. 

73. What a Mineral is, — Before concluding the present 
chapter it will be well to see what a mineral is, and at 
the same time to note one or two other points in connec- 
tion with stratified and igneous rocks. 

A mineral, then, is any natural substance which is 
of the sanje composition throughout, and is neither of 
animal nor vegetable origin. It is therefore an in- 
organic substance (i.e. not an organic substance, or not 
formed from the organs of plants or animals). Accord- 
ingly coal and limestone are not true minerals, both of 
these rocks, as has been seen, being organically derived. 
Generally, however, they are called minerals, as indeed 
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is any natural substance of commercial value found in 
the earth. But it is well to note what a true, mineral is. 

Quai'tz, felspar, and mica, which we have seen form 
granite, aie tiue minerals, and similarly all the crystal- 
line igiK'ons r(jeks are composed of true minerals. The 
total numbt'r of tru(', mimnals is vcay ereat, but only 
very few enter largely into the composition of rocks. 
Thus the ^reat mass of tln' <‘arth’s crust is liiade up 
of less than a dozen mim'rals. Tlu' science' which treats 
of minerals is called miiieraloijij, and is a vc;ry im- 
portant branch of ^molo^^y. Pe'rsons skilled in miner- 
alogy are termed ynlueraloginfs. ^ 

Quartz, felspar, and mica are common rock-formin^]^ 
minerals, but the most abundant of all is tjuartz, as, 
besides being present in granites and certain otlu'r roc.ks, 
it forms the greateu* y)art of sand and sandstoiui. This 
is shown by examining, through a microscope, specially 
prepared sand, obtained either from the seashore or by 
gently powdering a piece of sandstone. The grains of 
prepared sand are then seen .to be for the most part 
colourless, and to consist of broken pieces of (|uartz 
crystals. Particles of mica may also be detected. 

But if we reflect for a moment we can see that the 
presence of quartz and mica in sand and sandstone is 
only what is to be expected. The sedimentary rocks, 
as we have learnt, are formed from the fragments of 
other rocks, and the particles which go to form them 
must therefore be derived from both igneous and strati- 
fied rocks. The stratified rocks make up almost the 
whole of the earth’s crust, the igneous rocks breaking 
through them in the way shown in the present chapter, 
and occurring mostly in mountainous districts, yet, as 
we shall see in the next chapter, the first stratified 
rocks are believed to have been formed entirely from 
the denuded material of igneous rocks. 
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(CHAPTER XV 

FOiniATION OV nOCKH- (Confiim^d) 

The Earth Very Old— Early Conditioii—Deternunation of tho 
Relative Ages of Roeks— Order of Sueee«‘?ion of Strata. 

74. The Earth Very Old. — 8o far as is necessary for 
our |)urj)oso we liave now s(‘eii liow rocks are formed 
(cliap iv), and it is evident that to build up any of tlie 
beds in the earth's crust must have involved ti very lon^ 
interval of time 

In the case of sandstone and shale tlu' material, as 
we have seen, had to l)e carv(‘d out of the solid land, 
ground down where necessary by th(‘ action of wat(‘r, 
and finally converted into rock at the bottom of the 
sea. In the case of limestone the little animals, about 
which we learnt in chap, x, had to live and die, and 
their skeletons, or liard ]j)arts, be piled up in countless 
niiliions on the sea floor. 

Then to form each coal seam generation after genera- 
tion of plants had to rise and fall; and, quickly as all 
kinds of vegetation may have grown in those days, we 
cannot imagine whole forests to spring up and die in 
brief spaces of time. 

And the growth and death of the great coal -forming 
forests was not all that was required. The ground, we 
I^now, had to sink, and the vegetation be co\^ered over 
with the masses of mud and sand produced from the 
solid land that remained. 

This brings to our minds the immense periods of time 
that must have elapsed ’^during the formation of the 
various coal seams and intervening strata to be found 
in some districts, the processes of the growth and 
decay of the plants, the sinking of the land, and the 
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deposition of mud and sand, &c., having to be repeated, 
as we learn in chap, ix, in the case of each one of the 
seams. In a single coalfield as many as fifty to over 
a hundred seams may be found occurring one above an- 
other, with their beds of shale, sandstone, &c., between. 

Then what ages must have passed since the coal- 
bearing strata came into existence. Many millions of 
years must have gone by, though that does not tell us 
much — a million being such a large number our minds 
are unable to grasp its true significance. 

And, ancient as the coal-bearing strata are, we must 
not think they are the oldest beds in the, earth’s crust. 
As we saw in chap, ii, the making of the rocks forming 
the exterior part of the earth has gone on at all periods, 
and geologists are aware that there are many beds which 
must have come into existence ages and ages before those 
containing the coal seams. 

Truly, then, the eartli must be very old — how old no 
one can tell, but certainly many millions of years — and 
knowing this we are pcn-haps less surprised at the vast 
changes it has undergone. 

75. Primitive or Early Condition of the Earth. — Now in 
chap, iii we learnt as to the temperature of tlie interior 
of the earth, and that geologists believed the whole 
earth to have been at one time much hotter than it is 
at present. It may now be said that they believe the 
earth to have becm once nothing but a great, glowing, 
molten globe or ball. At that time, of course, there 
could be no rocks, no air, and no sea. The great glow- 
ing ball, however, contained everything necessary for 
the formation of these, and when it had cooled down 
sufficiently the hard solid surface of the earth was 
formed and the sea and air came into existence. Hence 
it is, it is thought, that the interior of the earth is still 
intensely hot, the rocks near the surface representing 



the part that haw cooled and the inner part that wTiihli 
has n<5t yet lost its heat. 

Also, it is now clear to ns that the first rocks formed 
in the earth’s crust must have been igneous ones, liaving 
cooled down and solidified from a molten state. After- 
wards, air and water being then present on the earth, 
the igneous rocks would begin to be worn away and 
the stratified rocks to be formed, the making of the 
latter continuing up to the present time. The earliest 
sedimentaiy rocks would be formed entirely from the 
remains of igneous rocks, the materials of subsequent 
sedimentary flocks being derived from all kinds of pre- 
viously existing rocks. It must be remembered, however, 
that what is stated lu^re in regard to the origin of the 
earth is merely a “guess at truth”, and that geologists 
are not agreed on this question. 

7(j. Determination of the Relative Ages of Rocks. — 
Now geologists, though they do not know the actual 
ages of the beds of rock in the earth’s crust, as was 
stated in chap, ii, can Uill their relative ages, or what 
beds were formed before other beds. This they are 
enabled to do by considering the position of the beds, 
the fossils they contain, their mineral characters, and 
any fragments of other rocks found in them. 

Though very interesting, it is not necessary for us to 
study the subject very fully, and therefore it will be suffi- 
cient to say ( I ) that wherever two beds of rock are lying 
in their natural position (that is, as they were formed, not 
inverted, and not overlapping, as in the case of reversed 
faults), whether they are horizontal or inclined, then the 
bottom bed is always the older; (2) that the beds of 
rock produced in one period of time contain different 
fossils to those produced in another period of time, and 
also (3) have usually special mineral characters of their 
own; (4) that a rock containing fragments of another 
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rock ia younger tlian the rock whose fragments arc 
enclosed in it. 

The (|uestion of tlH‘ fossils is a most important one. 
In chap, ix we saw what these are — the remains, or 
ti’aces of the remains, of once living plants or animals 
found embedded in tlui “arth. When the plants or 
animals died their bodies became buried in the soft 
rock-forming material, and so we find lock(‘d u}) in the 
rocks eitljer the actual n'lnains of the plant or animal 
or such traces or eo})i(^s of tlumi as (‘uabhis us to r(\‘ilize 
what the once living organism was like. 

The fossils, tluai, ai’(‘ the (‘vi<l('nce w(' hav(‘ of the 
kinds of living things that hav(' (‘xisted on the earth 
in past times. Of course very few of the plants and 
animals that lived in past ages have been ])resi‘rved 
in the form of fossils, but by c^irefully (‘xamining and 
studying such fossil remains as have; been discovered 
it has been found that the earliest form of life was of 
a lowly type, and that as time went on the living things 
on the earth became gradually^ of a more advanced or 
higher form until man appeared,- which was not, we 
should observe, till long after the coal-forming period. 

77. Order of Succession of Strata (or order in which 
the stratified rocks were deposited). — So we can now 
understand how it is that by means of the fossils, aided 
by the other tests imuitioned in the last section, geolo- 
gists can tell the comparative ages of rocks, and, in 
imagination, are able to arrang(i tin; beds in the earth’s 
cnist in the positions they would have occupied if they 
had been lying accoi-ding to the time when they were 
formed and had never been subjected to upheavals and 
other movements, which, as we saw in chap, ii, would 
be the oldest beds, about 20 miles down, the next oldest 
on the top of these, and so on, up to the most recently 
formed beds at the surface. Referring only to the fossils, 



FORMifrJON OF ROCKS 


§9 


we ctin sec tliat since different kinds of tilings ^ived 
(hirirfg difft'T-ent periods of time the beds of rocks formed 
during the various periods of time must contain different 
kinds of fossils, and that since the most primitive or 
lowly types of life conui first these will 1 k‘ represented 
in the (virliest formed rocks, the rocks of the succeeding 
})(‘riod of time containing fossils showing a more ad- 
vanced ty])e of life, and so on, to the rocks of the latest 
p(Tiod, thc‘ fossils of which should b(‘ indicative of plants 
and animals a})proaching those of the present day. 

Now tin' ])eriods or eras into which, as shown by the 
fossils, is divided the time which has passed since the 
stratified rocks began to foTiji are three in number. 
Tli(‘Ji’ names are: (1), the Pala’ozoic, or period of ancient 
life (fi'orn the Greek 'jnilaios, ancient, and zoe, life); (2), 
the MeN()Z<nc, or period of middle life (Gr. mesoa, 
middle, and zoe, life), and (3), the Cainozoic, or period 
of recent life (Gr. kainoa, i-ecent, and zoe, life). All 
the sti’atified rocks in the earths crust are arranged 
into three correspond ing^roitps, namely, the “ Paleeozoic 
group”, containing .all the beds formed during the 
Paheozoic period of time, the “Mesozoic group”, all 
the beds formed during the Mesozoic period, and the 
“Cainozoic group”, all those formed during the Cainozoic 
period. 

Sometimes, instead of thri‘e, four or five periods of 
time and corresponding groups of rocks are chosen, but 
the division into three great periods and three great 
groups will suit our purpose very well. Sometimes, 
too, instead of the groups of rock being called “ Palaeo- 
zoic”, “Mesozoic”, and “Cainozoic”, the terms Primary, 
Secondary, and Tertiary are used. 

Now it is clear from what we have seen in the present 
chapter as to the time necessary for the formation of 
rocks, the Palaeozoic group making up a thickness of 
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about 17 miles, and the other two groups together about* 
3 miles, that each of the great periods must cover an 
enormous interval. Great changes, then, must have 
taken place while each of the great groups of rocks was 
being formed, and so, for convenience, each of the great 
periods of time has been divided into smaller periods, 
and each of the great groups of roeks into smaller 
groups, the smaller groups thus formed being called 
systems or formations. 

78. Names of Eock Systems. — On the opposite page are 
the names of the different systems or formations of rocks. 
They are arranged in a column, the name of the oldest 
formation being at the foot and that of tlie youngest 
at the top, to correspond with what we know would 
be the position of the beds had they be(ai lying hori- 
zontally and according to tlie period when formed. It 
will be noticed that the formations or systems are also 
divided into still smaller groups called series, each series- 
consisting of a number of beds. 

We may compare the different formations to books,, 
fifteen in number, and of different -thick masses, piled up 
one on top of another. The bottom book will repre- 
sent the Pre-Cambrian and the top one the Post-Pliocene 
formation. The complete pile of books will stand for a 
thickness of strata e(]ual to about 20 miles, the seven 
volumes nearest the base indicating a thickness of about 
17 miles, and the other eight a thickness of about 3 
miles. 

This arrangement of the books, one on the top of the 
other, would represent the formations in the order of 
their age, or period of time in which they were formed, 
but we are aware that the beds are not lying in the 
earth’s crust as indicated by the pile of books. If they 
were, then it is quite plain we should know nothing 
of the rocks farther down than about a mile, and. there- 
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Names |if tlie three Qrkat 
PKK rohs or Eras into 
whit h the time which has 
passed since the stratifteil 
locks he^an to tie formed 
IS divided, and of the 
tliiee Urkax Groups 
( formed during, and eor- 
1 espondiiiR to, the penods 
of time) into winch ail 
the stratified locks in the 
eai til's Cl ust are ai i aiii^ed 


Names of the smaller 
periods of time (but yet 
very great) into which 
each of the three great 
periods or eras is divided, 
and of the Formations 
or Systems (formed dur- 
ing, and corresponding to, 
the shorter periods) into 
wliich the groat groujis 
of stratified rocks aie 
divided 


Post-Plioceiie 


3. Ca]no7.oic *. 


2. Mezozoic 


Pliooene. 
Miocene, 
Oligoceiie. 
,Ko(cne. 
Cretaocoua. 
tl uraaRic. 
Tnassio. 

^Permian 


1. Palfpozoic . . 


Carboniferous 

< Devonian or Old Red 
Sandstone. 

Silurian. 

Ordovician. 

Cambrian. 


Names of the sTlLL 
SMALLER Groups or 
Series into which 
each of the formations 
is divided (shown only 
in the ease of three 
formations). 


"Recent strata, con- 
sistine of river 
gravels, alluvium, 
> &c, 

(Racial deposits, 
consisting of boul- 
, der clay, &c. 


( Magnesian Lime- 
stone. 

Permian Sandstone. 
I 3. Coal Measures. 

) 2. Millstone Grit. 

1 1 . Carboniferous 
\ Limestone. 


I Arcluean or Pre- 
V Cambrian. 


fore, nothing of the Carboniferous system, which is the 
system in which coal seams principally occur. 

But, as was stated in chap, ii, the rocks have been 
upheaved and subjected to the action of denudation, and 
therefore they appear at the surface, where geologists 
can see and can examine them. And, as we saw in 
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chap? ii, it is from tlu'ir observations at or near the 
surface that ^eolo^ists have acquired all their infor- 
mation concerning the rocks of the earth’s crust. 

The diflerent formations, then, are to bt; sc^en at the 
surface, and if we wished to arrange the books more 
in the true positions of the formations, then W(i would 
need to place them on their (Ml^es or backs and sloping 
in sucJi a way that the volum<‘ i-epresentin^ the (Cambrian 
would lean or rt‘st on that denoting the Arcluean, that 
indicating the Ordovician on the one standing for the 
Cambrian, and so on, to the volunu' denoting the Post- 
Pliocene, which would h‘.an or rest on th(‘ one ri'present- 
ing the Pliocene system. Tn this cas(‘ the leavi's of the 
books would denote the outcropping edg(‘H of the strata 
(see also tig. GO). 

The arrangement of books helps us to rcjalize the 
position of the various formations with rijspect to one 
another, but W(^ must keep in mind the vast difference 
between the row of books representing the formations 
and the systems themselvcjs. Thus some of the latter 
are thousands of feet in thicknesVi, they are not so 
parallel to one another as are the books (tig. 60), and 
one or more of them may be locally missing. 


CHAPTER XVI 

FOHMx\TJ()N OF ROCKS-(CoaOawcd) 

Absence of Formations — Importance of n Knowledge of the 
Order of Hucce.ssion — Geological Maps— Fossds— The Carbon- 
iforous Formation — Unconformitii's. 

79. Absence of rormations. — In the preceding chapter 
we learnt as to the general succession or order of 
sequence of the stratified rocks; and in the concluding 
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paragrapli saw that one or more of the form^ions 
mi^ht be locally miasintr. Now altliou^li a formation 
may liappen to be wantin^^ in a particular* locality, that 
does not affect the order of auccesaioii of the formationa, 
tin; ayatem above th(‘. one inisain^ tlien merely resting 
on the one next below, or* on an older formation than 
would b(' the case if all were pi*esent. 

Thus, for example, if the Carboniferous system were 
missing \ye might find the Permian resting on the 
Devonian, but not thr^ Devonian on the Permian. If 
both Carboniferous and Devonian were absent, then the 
Permian ro^ks might b(; found restiirg (jn the Silurian, 
but not the Silurian on the Permian. And similarly in 
all other cises, the older formations, under ordinary 
circumstances, always underlie the newer and not the 
newer the older. We may illustrate this by removing 
one or more of the books from the arrangement repre- 
senting the formations. 

80. Importance of a Knowledge of the Order of Succession. 

— In relation to the (jua^ition of the presence or absence 
of a formation, a general knowledge of the order of suc- 
cession of the strata is of great practical importance. 
Thus the Carboniferous system being the one in which 
coal principally occurs, if we found, say, Permian strata 
at the surface, knowing it overlies the Carboniferous, 
we might conclude that coal would be found below. But 
we see from the present chapter that the Carboniferous 
rocks might be wanting, and therefore we should re- 
quire to take steps to prove that this system existed. 
Similarly with all other formations newer than the 
Carboniferous, because we know that under ordinary 
conditions they occur Jiigher up than the coal-bearing 
strata we must not take it for granted that the latter 
aie to be found under them. On the other hand, if 
the formation at the surface were older than the Carbon- 
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iforous, then from the order of superposition (unless In 
the case of inversion, §76) we should conclude that the 



Coal-measures strata were not to be 
found below. 

(SI. Geological Maps. — We can see then 
that it is important to know about the 
ditlerent rocks that appt'ar at the sur- 
face; and the maps termed geoUnjical 
7mtps (§52) have been specially pre- 
pared to supply the re(|uired informa- 
tion. These show the outcrops of the 
strata in stiapes of colour., indicating at 
a glance the formations which occur in 
ditlerent districts. 

On the geological maps diagrams of 
horizontal sections are given which, 
as we have learnt, show the general 
arrangement of the stivita in the dis- 
tricts to which the sections apply. A 
horizontal seetion is shown in 6g. 60. 

82. The Discovery of Fossils as a Means 
of Determining the Ages of Strata. — 
Now, considering that a geologist’s 
knowledge of the rocks forming the 
earth’s crust has to depend on what he 
sees at the surface, and considering the 
many other difficulties to be overcome, 
tinding out the relative ages of the 
rocks must be regarded as a truly won- 
derful feat. It only became possible 
when William Smith, a land surveyor, 
now spoken of as the “ Father of Bri- 
tish Geology”, made the discovery as 


to the fossils, explained in §77. 


It was while Mr. Smith was engaged as an engineer 
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*in tjie cutting of the canal between Bath and Bristol 
that ho noticed diflerent kinds of strata had their own 
peculiar fossils, and this led him to the conclusion that 
the fossil contents of rocks could be used as a meaiip 
for their identilieation. This illustrates to us the great 
iinpoi-tance of observation and thought in connectioi] 
with the subjects of our daily employment. 

88. Uses of Fossils.— But forming “links with the 
pa.st”, in respect of showing us the (liflerent types ol 
life that have existed in former tinu's, and aiding in the 
det(U*mination of the ag(‘s of strata, are not the only use;- 
of fossils .By their m(‘ans geologists can tell whether 
tl<‘ rocks wer<^ produccal at the bottom of a sea or lake, 
or in brackish water; whether the water was deep or 
shallow, and also what was the climate of the period. 

84. The Carboniferous Formation. — This, being the for- 
mation in which coal chiefly occurs, is the one in which 
we are princi])ally inter(*sted. Seams of coal are found 
in other systcuns, but the richest and most abundant coal 
deposits are contained tn the Carboniferous system. 

The name of eabh formation has a special meaning 
or has been given for a particular reason, and “ Carbon- 
iferous” signifies “carbon-bearing” (L. carlo, coal, and 
fero, 1 bear). Carbon, we .saw in chap, xi, is the chief 
constituent of coal, but it is also one of the substances 
which go to the formation of limestone, and is contained 
in some shales. It is evident, then, that the amount ol 
carbon present in this particular formation must be 
very great, and that the name “Carboniferous” is wel 
bestowed. 

The Carboniferous system is well developed in the 
British Isles. It ve^ries greatly in different district! 
both in regard to the thickness and the nature of iti 
strata; and no list of beds (or general succession o 
strata) can be given as applying to all localities. Thi; 
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will be undenstood by considering the conditions which 
prevailed during the piu-iod; first, however, the series, 
as shown in the table of formations (§78), should be 
again (jxamined (see also fig. (10). 

85. Conditions of Deposit of the Carboniferous Rocks. — 
From the evidmice afforded by the rocks and fossils it 
is believed that at the time the beds forming tlu' system 
began to be laid down most of the atea now occupied 
by the British Iskss was below sea level TIk' sea was 
deep towards the south, sliallowing towards the north. 
Its floor consisted of a sandstone' called tlu' Old lied 
Sandstone (§78), to distinguish it from auothe.r sand- 
stone termed the Kew lied Sandstone, which was formed 
in the period of time' after tlie Carbon if ei'ous. On the 
deep part of tlie sea floor a bed of lime'stone was 
formed — the Mountain Limestone we re'-ad about in 
chap. X. Bec.ause it was formed in the Carboniferous 
period it is also called the Carboniferous Limestone. 

After a time the sea bottom, it is believed, iK'gan to 
be elevated, and in the .shallow .‘,ea thus formed a coarse 
sand was deposited — of course on the top of the lime- 
stone. The series of coarse sandstone beds resulting from 
this sand is termed the Millstone Grit (§78). Because 
the miners in South Wales knew that when they reached 
the Millstone Grit they might abandon all hope of find- 
ing coal, it has long been known as the “ farewell rock 
But this must not be taken as applying to all districts, 
coal seams being found in the Millstone Grit in the north 
of England and both in and under it in Scotland. The 
Millstone Grit is so called because millstones were made 
from it. Other names sometimes used are “ rough rock 
and “ moor rock 

The sea now became filled up, and in the swamps and 
marshes thus formed the coal-forming vegetation grew, 
just as we learnt in chap, xi. 
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• TIk; strata containing the coal seams are callet^ the 
Coal (§ 78), and, as we have seen, consist of 

gi-eat tliicknesses of sluales and sandstones, with beds of 
coal, underclay, and sometinn's ironstone and limestone, 
'riie thickness of the C(ml-measnres strata varit's greatly 
in diherent coaliields. In Scotland it is about 2200 ft, 
in Northuuiberlan<l and Durham about 8000 ft., in Lan- 
cashire about 0000 ft, the maximum being attained in 
South Wah's, where the thickness is m^arly 12,000 ft. 

Changes In the Carhoniferoiis Strata . — We see, then, 
from the, conditions of depo.sit of the Cai boniferous rocks, 
that changi'S in tl»e character- of the beds, as we pass 
from one district to another, are no more than is to be 
expected 'I'hus, whih‘ the Mountain Limestone was being 
laid down in the more soutln'rn districts of England, 
deposits of sand, &c., would be taking place in the 
shallow(ir seas of tlu' north, and therefore, in place of 
the limestoiK* in the south, wm get in the north sand- 
stones and shal(‘s, with beds of coal and ironstone, and 
only occasional LmIs of lynestone. In Scotland the con- 
ditions of deposit wejKi dillerent, and we find coal seams 
both above and below the Millstone Orit, some of the 
latter seams being contained in the Carboniferous lime- 
stone and some under it. 

86. Formation of the Coal Seams into Basins. — It must 
now be explained why the coalfields of Britain occur 
in the form of “ basins ”, § 4. It is believed to be due to 
elevations of the earth s crust and to denudation. 

As is evident from the extent of the coal -bearing strata 
in different countries, the vegetation from which coal 
resulted must have grown in great profusion all over the 
world. In the British Isles coal seams are believed to have 
been formed over the southern half of Scotland and most 
of England and Ireland. The existing coalfields, then, 
represent only a portion of the original coal-bearing area. 

(0168) 8 
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iVow, at the end of the Carboniferous period vr.st 
earth movements seem to have taken place. The rocks, 
including the coal seams, were forced into great folds 
or earth wrinkles. Some of these (like the Pennine 
Range) ran north and south, and some (like the Meiidip 
Hills) east and west, tlie two sets thus crossing one 
another. Thus the strata containing th(' c,oal seams 
were thrown into a aeries of elevations and depressions 
of basin shape, and the tops of the folds, becoming 
worn away in the course of time by the action of the 
various denuding agents, only the Coal measures in the 
basins were left. 

87. Industrial Products of the Carboniferous System. — 
No system is so rich in mimu’al di^posits as the Carbon- 
iferous. The most important products are, of course, the 
coal, ironstone, and limestone. Sometimes beds of iron- 
stone are worked as separate seams, and sometimes a 
bed or layer occurs associated with a seam of coal, so 
that the two can be cxtra{de<l together. The limestone 
is burnt into lime, and is aho used with the coal and 
iron ore in the making of iron. The proximity of these 
three substances — coiil, ii-onstone, and limestone — enables 
iron to be produced more cheaply than when one or more 
of them has to be conveyed a long distance. 

Ores of lead, zinc, and antimony are found in the lime- 
stone rocks in some districts. 

The undtu'clay occurring in coal seams is used for 
making such artichjs as firebricks and crucibles, which 
will withstand great lieat without melting. For this 
reason it is generally called fireclay. Sometimes the 
name “ st^ggar- " or “ saggar-clay ” is used, because the 

saggars ” in which the porcelain is burnt are made of 
it. A bed of good fireclay occurring with a thin seam 
of coal may enable the latter to be worked cheaply 
and profitably. 
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•A hard, close - j»Tained variety of fireclay, called 
(jaiiistSr, found chiefly in the north of England, is ])os- 
sessed of great luiat-resi sting power's. It is made into 
bi'icks for lining furnaces, &;c., where great heat is given 
oft. 

The sandstones are valuable for building and other 
purposes, while some shales ai'e mined for the manufac- 
ture of minci al oils, others being used in the preparation 
of alun». 

88. TTnconformity. — When one set of strati fil'd rocks 



Fir 61 — Cmifurmalilo Strut4U 
All tlie rock aiu iiaiullcl and 
therefore confounalilr to one an- 
other, although on the lef' of tht^ 
diagram they aie contorted 


Fig. 62 — Unconformahlo Stiula. The 
lowei Bet of beds were disturbed uiid bent 
into folds before those above then) were 
dejMisited. A conglomerate band is seen 
at the junction 



is laid down regularly on the top of another set the 
strata are said to be conformable. The newer rocks 
■“ conform ” to the older, the beds of the two sets being 
parallel and having the same dip (fig. 61). Sometimes, 
however, the newer rocks are found to rest on the 
^denuded edges of the older (fig. 62). In this case the 
newer rocks evidently do not conform to the older, the 
strata accordingly being said to be uncon f or mahle, and 
the arrangement of the beds termed an unconformity. 
In the case of an unconformity the older set of rocks 
must have been upheaved, subjected to denudation, 
and then again submerged before the newer beds were 
deposited. 
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An unconformity, tlicn, d(;notcH tlio passage of a T^n^ 
interval of time between the formation of tlie Iwo sets 
of rocks. \V(‘ can illustrate unconformity by arranging 
books as explained in §78, and then placino- other books 
on their si<les on tlu' upturned ed^es of the row. It is 
also possibl(‘ to have an unconformity in which the 
newer beds are paralh'l with the old. 

Unconformity's arc* fr<‘(juent betwc'c'ii many of the 
systems or formatiotis. Sonu'tinn's, too, the smallei’ 
groups or series into wdnch a formation is divided arc* 
found rc'stinjj unconformably on another series of the 
same formation. Then great unconformities exist be- 
tween each pair of the three great gron])s of rocks, 
between Primary and 8econdaiy and between Secon- 
dary and Tertiary, these great unconformiti(^s and the 
changes in the fossils mai-king oft om‘ group from 
another. 


CHAPim XVll 

< 

FORMATION OF KOCK!S-(6’o7?7bn<a/) 

AqueouH, Rocks — Cleavage— Jointing — Fossils 


We have now readied the last chapter in the more 
purely geological part of our subject — the part by the 
study of which we have been enabled to learn not only 
what coal is, and how it comes to be buried in the 
ground, but also concerning “many other things”, all, 
as was stated, “necessary to make the whole matter 
very plain”. The present chapter will deal with such 
matters regarding the rocks already considered as it was 
impossible to include in the previous ones, and will be 
partly revisal. It will also treat of other rocks of which, 
as mentioned in chap, iv, it is desirable to have a little 
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:ii(5wled^e. Then the part of our studies wliich relaTj^s 
0 ^jeolc^y terminating with the present chapter, cha^. 
iviii will see the commencement of the more distinctly ^ 
iiining part, though here also, as in our past woik, 
t will be necessary to go oh* into interesting side tracks 
0 pick up information winch will assist us in travelling 
Jong the main path of our journey. 

89. Aqueous Rocks. — In §4(3 we saw that shale, sand- 
toiie, and conglomerate ar(‘ called “ aqueous rocks ” be- 
ause they have becin formed under water or by the 
ction of watei'. For the same imson coal and lime- 
tone must ali^o be ro'garded as a<|ueous rocks. All 
hese rocks we know are termed “stratified rocks” 
54 ()), 

90. Mechanically-formed Rocks. — Limestone and coal, 

3 has been seen (§48), are called “organically-derived” 
r “ organically-formed ” rocks, and shale, sandstone, and 
onglomerate, as also are clay and sand, “sedimentary 
ocks” (§46). It is worth while noting that clay, sand, 
hah, sandstone, ccnglomeuate, and also a rock termed 
reccia, are sometimes* given the name mechanically- 
onnecl rocks, because formed by purely mechanical 
leans from the remains of other rocks. 

91. Argillaceous and Arenaceous Rocks. — Then the 
lechanically-formed rocks are sometimes subdivided 
nto classes, according as they contain much clay or 
and, those which arc composed entirely or largely of 
lay, as, for example, clay and shale, being termed argil- 
iceons rocks (L. argilla, clay), and those, such as sand, 
ravel, sandstone, conglomerate, and breccia, which are 
lade up of sand or are of a sandy nature being called 
renaceous rocks (L. arent^, sand). 

92. Calcareous and Carbonaceous Rocks. — Similarly, the 
rganically-formed rocks arc subdivided into calcareous 
ocks — those composed of limestone or containing limy 
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matter (L. calx, lime) — and carbonaceous rocks — th6se, 
Hucli as peat and coal, which contain much cai^on. 

08. Mud and Clay. — We have seen how mud and clay 
are produced from the solid land by the various denud- 
ing agencies. All rocks beint^ made up of minerals or 
mineral matter, mud and clay consist of line particles 
of mineral matter, the particles in the case of clay ad- 
hering together. Mixed with the mineral matter of mud 
may be particles of animal and vegetable substances. 

The purest kind of clay is known as kaolin or china 
clay (or 'porcelain clay), and is obtained from granite 
as th(i result of the d( ‘composition of tlie„ felspar. It is 
white in colour. Common clay is clay mixed with 
various impurities. The chief impurity is sand. It is 
the presence of impurities in clay which gives it its 
red, brown, blue, &:c., colour. 

94. Shale (§4b) is compressed or hardened mud or 
clay which splits up along the lines of stratification 
into thin layers or plates, called laminw. Rocks which 
split up in this way are sahl <-o be laminated, the lami- 
nation showing that they have btlen gradually deposited 
under water. Shales are often dark in colour, owing 
to the prc^sence of vegetable matbir. Oil shale (§87), 
sometimes termed bituminous and carbonaceous shale, 
contains much carbonaceous matter. It is of a dark- 
brown or black colour. 

Beds of shale or shaly rocks are given different names 
by miners, as, for example, hind, blue-hind, hlaes, bass, 
and halt, the two last-mentioned being applied to shales 
black in colour in consecjnence of their containing much 
carbonaceous or vegetable matter. When there is much 
sand present, forming a sandy or arenaceous shale, the 
terms stone hind and rock bind are used. 

95. Loam is a soft mixture of clay and sand. The 
presence of sand renders it pervious to water. 
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*96. Marl is a mixture of clay and lime. It is thereV>re 
sometifties called “ calcareous clay ” (§ 92). 

97. Sandstone. — Different names are given to sandstone 
according to the nature of the cementing agent (§46). 
Again, when a sandstone is made up of coarse particles 
it is termed a grit (§85). When it splits easily into 
layers it is called flagstone, the slabs obtained in this 
way being used for “ flagging ” or paving the sidewalks 
of towns. Sandstones usually contain mica (§73), and 
when the flakes are spread along the planes of bedding 


the rock splits very easily into slabs. 
Sandstones containing much mica 
havt' a glittering appearance and are 
termed micaceous sandstones. Free- 
stone is sandstone which has no ten- 
dency to split in one direction more 
than another, and can therefore be 
cut easily into blocks suitable for 



building purposes, ri^. Oa - Breccia, conBlBt- 

98. Breccia must be carefully dis- a 

tinguished from conj^lomerate (see 

flgs, 63 and 29). Like conglomerate it consists of rock 
fragments held together by some natural cementing 
agent, but the fragments of breccia are more angular 
than those of conglomerate, showing that tiny have not 
been subject to much water action. For fault breccia 
see §63. 

99. Coal. — Besides carbon, hydrogen, oxygen, and 
nitrogen, coal contains earthy substances, these form- 
ing the ash which remains when the coal is burnt. 
Ash, like sulphur (§62), is an undesirable substance in 
coal, being incombustit>le, and therefore the smaller 
proportion of ash the more valuable is the coal. 

In § 58 coal was divided into lignite, common coal, and 
anthracite. Lignite burns with little flame, and with 
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an c(lour like tliat of peat. Com n ion coal is sometimes 
termed hifnniimms coal, and includes cahlng and non- 
cahhtKj coal. Cahivg coah, wluui burning, fuse and swell, 
uniting into a pasty mass. They are used for making 
coke, and for this purpose are put into an oven, termed 
a coke ovcv, and heated up to a c,('rtain temperature. 
The resulting j^reyish-lookin^ substance is the coke. 
Coke is valuable for diffenmt purposes on account of 
the intense heat which it ^ives off when burning, and 
its freedom from smoke. Some caking coals make good 
house coals. 

Nov -caking coals do not cakti togi'thip’, hence are 
sometimes termed “ free-burning coals Varieties are 
house coal and steaiv coal. For houst'hold purposes 
coal which ignites (aisily and gives off much heat, burn- 
ing with a bright flame and little smoke, and leaving 
little ash, is pi-eferi-ed. Steam coals give ofl’ great heat 
and little smoke. 

Gas coals are those ust^d for the production of coal 
gas. They contain much hydrogen. Th(i best example 
of gas coal is that known as cajiwd coal. Cannel coal 
is sometimes carved into ornaments. A name given to 
this coal, in consequence of the crackling noise made by 
it in burning, is “ parrot coal 

Anthracite, sometimes termed stove coal and blind 
coal, is heavier than bituminous coal, and is jet black in 
colour. It is difficult to ignite and burns without flame, 
but with intense heat and practically no smoke. 

100. Chemically-fonned Rocks. — A third class of aqueous 
rocks are known as chemically -formed rocks. Examples 
arc stalactites and stalagmites and the rock material 
deposited at the mouth of some springs (§21). Other 
chemically-formed rocks are rock salt, found in beds in 
Cheshire and other places, flint, found in nodules or 
lumps in chalk and other limestones, gypsum and dolo- 
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lAite (or magnesian limestone, §78). Gypsum, like dolo- 
mite, IS a limestone. Thus we have chemically-formed 
limestones in addition to those derived from the organs 
of animals. AlahaMfr is a varii'ty of gypsum. 

101. Ironstone, we saw^ in §87, is sometimes found 
ass()ciat(‘d, and wawked, with coal. Clay -iron stona con- 
sists of a substance calle<l “carbonate of iron” mixed 
with clay and carl)onaceous inatbT, and occurs in nodules 
and layers o)‘ bands. It is sometimes called “ clayband ” 
ironstoiK'. Blackhand ironstone is clay ironstone con- 
taining a considerable proportion of carbonaceous or 
coaly matter# Otlu'r iron ores are magvrtite or ma,g- 
ndir iron ore, laematite, an<l hoy iron ore or linnmiie. 

102. Metainorphic Bocks. — Thes(‘ ai‘(‘ alt(n'ed aqueous 
or igneous rocks, henc(‘. the t(‘rm ni,ef amorphic (Gr. 
meia, change, and nioijihe, form) 

Examples of aqueous rocks which hav(i thus under- 
gone change are shale, sandsioiie, and limestone, shale 
iH'ing altered into slate, sandstone into the crystallized 
rock known as qvartzite^n.m\ limestone into crystallized 
limestone or marble.* The change (or metamorphism) 
may take jdace deep in the ground, w^here w^e know 
the rocks are subjecttal to very high pressures and 
temperatures (chaps, ii and iii), but, as has been seen, 
may also occur as the result of the passage of molten 
lava through the rocks (§71). Metamorphism is also 
brought about by the chemical action of waiter per- 
colating through the pores and fissures of the rocks. 

Another example of a metamorphic rock is gneiss (a 
German miners’ word). This rock has the same minerals 
as granite, but arranged in layers instead of being scat- 
tered through the mass «,s in tlie case of granite. 

For this reason gneiss is called a foliated rock, rocks 
which have their minerals arranged in layers or leaves 
being termed foliated (L. folia, leaves; fig. 64). Other 
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foliated rocks are known as schistfi (Gk. schizp, to' 
split), as mica schist, consisting of alternate irregular 
leaves or layers of mica and quartz, in which the mica 
predominates, and quartz schist 
of layers of (juartz and mica, 
in which the quartz is the chief 
mineral. A metamorphic rock of 
a greenish or brownish colon)*, 
but oftet) so beautifully varie- 
gated as to resembhi the mark- 
ings on a serpent’s skin, is 
called serpevtine.* 

103. Cleavage. — Cleavage in 
geology means the tendency, possessed by many rocks, 
to split into thin parallel layers along a direction which 
usually crosses the planes of bedding at some angle 
(fig. 65). It is well seen in slate, and is also known as 
slaty cleavaqe. Slate, wo know, 
is altered shale. Now shale is 
a “ laminattid rock ”, splitting 
into thin layers or laminae 
parallel to the planes of bed- 
ding (§94). Slate, however, 
splits in a direction which is 
quite distiTict from the planes 
of bedding (fig. 65), and this 
is called cleavage. Cleavage 
is the result of pressure acting 
on the rock after it has been 
deposited, and forcing the par- 
ticles to rearrange themselves 
with their longer direction parallel to the cleavage 
planes or at right angles to the direction of the pressure. 

104. Jointing. — Nearly all rocks are traveraed by sets 
of natural fissures or cracks called joints. In bedded 



Fig. 66 —Cleavage Tlie liorizon- 
tnl hands (nr “stiipes ”) show the 
l>edding or stratification , tlie fine 
lines (nearly vertical) indicate the 
direction in which the rock 
“ cleaves ”. 
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*rocks the joints are generally at right angles to th( 
pianos of bedding, and thus, if the bed is horizon 
tnl, the fissures will be vertical. Usually there an 
two sets of fissures, but one set is generally bettei 
developed than the other, ^rhey cross each other a1 
right angles, dividing, with the planes of stratification 
the rock into large cubical masses, and assisting in the 


quarrying of the stone. Jointing can therefore be seer 
in quarries. The joints dividing the rocks in the wa,} 
described are sometimes termed “ divisional planes ” 


Sometimes t(^ the better developed set 
of joints tke name master-joints is 
given. 

Jointing is well shown in coal, and 
is of gr eat aid in the working of the 
seam. In coal mining the name cleat 
or face is applied to the better de- 
veloped set of joints, and the term 



end or “ end cracks ” to the less per- 
fect set; hence miners s’[)eak of work- 
ing the coal “on tlie face” and “on 


Fig. 66 — Cohimiinr 
Basalt, from the Giant’s 
Causeway, Ireland 


end We shall learn further as to this in chap, xxiii 
Jointing, it is thought, may have resulted in some 
cases from the movements of the earth’s crust, and in 
others from the contraction of the rocks in drying or 
cooling. A peculiar form of jointing is the columnai 
structure of basalt as found at the Giant’s Causeway 
on the coast of Antrim, and Fingal’s Cave, in the island 
of Staffa (fig. 66). 


105. Fossils. — We have learnt a good deal in regard 
to these. It need, therefore, b(' only said further thaf 
when fossils are met^ with in working the coal care 
should be taken to obtain them unharmed. Thej; 
should then be shown to some skilled person. Col- 
lections of fossils are to be seen in museums, and, if 
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necessary, any fossils found can be compared with these. 
The collection and identification of fossils is very inter- 
esting. 


CHAPTEU XVIII 

PIIOVINCI THE EXISTENCE OF COAL 

StarliDg a Colliery— ProspecLing — Boring. 

lOfi. Starting a Colliery. — Before a colliery can be 
commenced, two things an; evidently necessary, namely, 
coal and men. A thii-d is money. 

In regard to tlu^ men we need only note; that the 
number employed at a modern colliery is frequently 
very large, and that while most ai'e engaged in the 
actual process of excavating the coal (or “ coal-getting”, 
as it is often called), yet a considerabh; pT’opoi'tion are 
necessarily employed in the many and varied operations 
to which the working of the coal gives rise. 

The charges for all labour at the mine, other than 
the coal-getter’s wages, come under the general name 
of oncost, and all men employed in or about the mine, 
except those engaged at the cutting of the coal, are 
termed oncostme.n. Tire coal -getter, or collier, is usually 
paid a certain sum for each ton of coal produced; if he 
receives any payment in addition to his rate per ton 
this also is termed “oncost”. 

The money is required to pay for the machinery, and 
for all work necessary until coal can be sent into the 
market. Tlie sum required for these purposes is usually 
so very large, and the chances of loss are so great, since 
the seam may turn out unprofitable, tliat generally a 
number of persons combine together for the purpose, 
forming a “company”. 
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* Concerning the first item. Coal. — W(3 know that it 
doe?! not occur everywhere in a country, althouj^h the 
total ainount of it stored up may be very ^reat; and 
tlu'refore, if it is desired to bej^in a collic^ry in any 
district, stejrs must be taken to make sure that coal 
exists. 

But mei'e knowh‘d^(' of the presence, of tire desired 
substance is not all that is required. Owin^ to the 
lai-j^^e sum involved in erjuippino- the colliery, and in 
getting down to tlu‘ seam or- seams, (‘nde.avoui's have 
to be made to find out whether tlu! quantity and the 
e.ondition pf the coal are such as will pay for the 
workiiijnr of it. ^riien it is necessar-y that the coal 
should b( pr-oduced and sent into the market at the 
lowest possible rates, and to assist in the attainment 
of th(‘se objects special infor-mation is reejuired, and 
efforts must be made to obtain this information. 

107. Prospecting.— In a.scertainin^ whether the district 
is a coal-btiaring one a knowhnlge of ^^^eology is of the 
utmost value. Person# skilled in geology, we have seen, 
ar e acquainted .witlr the particular kind of rocks with 
which coal is usually associated, and can frequently tell 
from the appearance of the country whether coal is 
to be found. Many instances are on record of the 
discovery of coalfields by geologists in this way, where 
no coal was previously thought to exist; and it is also 
well known that large sums of money have been wasted 
by persons in trying to find coal in districts in which 
a knowledge of geology would liave taught them that 
none could exist. (See also §80.) 

The search for coal is called prospecting, and the 
places examined arq the sides of valleys, cuttings, 
quarries, and the banks and beds of rivers and streams. 
The great object is, if possible, to find the outcrop of 
a seam, and in the places named pieces of coal, shale> 
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or fireclay may be picked up, and lead to the discovery 
of this. 

If the outcrop cannot be found, then additional pre- 
cautions require to be taken to make certain that coal 
exists. A ^^ood sign is the discovery of fossils belonging 
to coal-bearing strata. Sometimes also the deposits at 
the mouths of springs are of value in affording evidence 
of the presence of coal, while tin* dark appearance of 
parts of the ground in freshly ploughed fields has been 
of direct service in the sana* respect. 

If it is known, or believed, that coal exists, then we 
must endeavour to obtain the additional evidence re- 
quired (§106). This will be as to the extent of the 
coalfield, the thickness of the seam (or seams, if more 
than one), the nature of the coal composing it, whether 
the seam is lying inclined or in a horizontal position, 
whether it contains faults, &c., the nature of the roof 
and pavement, the depth of the seam from the surface, 
and the nature of the strata that must be pierced to 
get dowm to it. To obtain infori/iation, so far as possible, 
regarding these points, boi'ing is the method adopted, 
though, if the seam outcrops, the work is greatly simpli- 
fied, and it may be possible to learn everything necessary 
by driving little passages or tunnels, called “ drifts”, into 
the coal, or by sinking small trial pits near to the outcrop. 

108. Boring. — This consists in putting down a number 
of holes perpendicularly from tlie surface. Each hole 
is only a few inches in diameter. The total number 
bored depends on the depth of the coal, the extent of the 
field to be proved, and whether the ground is much 
"‘troubled”. Usually, however, there are not fewer 
than three, though in some cases one or two may be 
considered sufficient. The holes, when more than two, 
are not generally put down in a straight line, but in 
such positions as will best prove the ground. 
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• There are different methods of boring, but th% two 
best# known are the ordinary and diamond systems. 
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Figs. 67-76 illustrate the 
tools and appliances used in 
the '‘ordinary” method. In 
this system the ground at the 
bottom of the hole is chipped 
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away by the chisel being alternately raised and allowed 
to drop. Boring in tliis way, by a series of blows of 
the cutting tool delivered on to the rock, or, as in the 





Fig 69. — Brace- 
head or Tiller. A 
single bruceheud 
has two arms; a 
double braceboad 
four arms. 


Fig 70.- 
Bore-rod 
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Fig. 71 -Chisels 


1, Flat chisel; 2, 
diamond - pointed 
orV-chlsel; 3, Con- 
tinental V-chUel; 
4, T-chlsel. 
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Fig. 72.— 1, Auger; 

2, Ball- valve Sludger; 

3, Wimble 


case of the hammer and hand drill (fig. 135), on to the 
end of the drill, is known as •p&i'cvsaive boring. 

109. The Ordinary System. — The general process in 
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ordinary boring is as follows: A guide tube is necessary 
at the surface to ensure that the chisel will descend 
quite vertically. This guidt; tube is sunk into tlu' 
ground; the rods work up and down through it. As 
will seen from the figures there is a screw at one end 
of the chisel and at both (‘iids of each rod. By means 
of the screw ends the (‘hisel is connected to the bottom 
rod, the rods om* to anothei-, and the to]) rod to the short 
length of rod which forms })art of the bracehead. Thus, 
when the hole has betui bored down a certain distancH', 


tliere will he a long string of boring rods in it, 
extending from bi'acehead at surface to chisel 
at bottom. 

During the eailier part of the boring the men 
grasp the bracehead and raise it, and the rods 
and chisel connected to it; then they let tlu' 
whole mass di*o]>, the chisel thus cutting into 
the rock. These operations are continued 
steadily, the men moving slowly round in a 
circle. The circular movement is to ensure that 
the hole will be as round as possible, and that every 
blow of the chisel will fall on a fresh place; in making 
it, the borers have to be careful to follow the direction 
that will not result in the unscrewing of the rods. 

After a time the bottom of the hole becomes choked 
up with the broken rock material, or “ borings ” as it 
is called, and requires to be cleaned out. To do this the 
rods and chisel must be withdrawn from the hole, which 
is accomplished by the aid of a windlass and rope. The 
windlass is fixed to two legs of the headgear (fig. 67), or 
placed a short distance away from the latter. The rope 
passes from the windlass over the pulley shown in the 
headgear; a hook (fig. 73) is attached to the end of it. 

In withdrawing the rods the bracehead is unscrewed 
and the rope connected to the former by passing the 
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!)ok under a joint. The men then work the windlaKs, 
nd the rods rise slowly out of the hole. When they have 
sen drawn up as far as the height of the pulley permits, 
le windlass is stopped, ^i’he rods are now hanging 
ispended from the rope, and if the horfu's were to un- 
•r('w the pait at the surface the rods left in the hole, 
:id chisel, would di'op down to the bottom. To prevent 
lis the fork illustrated in tig. 74 is placed over the hole 
id the rods lowered a little until a joint of the latter is 
‘sting on the fork. Then the length of rods above this 
•int is unsei’ewed by the aid of the key (fig. 75), and 
‘moved Thf rojie is again hook(‘d to the rods and 



Fjh 74. Folk or IletiiininK Key Fij;. Tfi — Sciow-key 


le latter raised, the various operations of attaching 
le hook to the rods, working the windlass, &c., being 
‘p mted as often as necessiary until all the rods and the 
lisel have been withdrawn. When the hole has been 
eaned the chisel and rods are replaced, the procedure 
3ing exactly the reverse of that used in their with- 
rawal. 

In cleaning the hole the dudger (fig. 72) is used. It 
hollow, and has a valve at the bottom. It is lowered 
y means of the rope, the sludge passing into it as it 
3scends. As it is drawn upwards the valve closes, thus 
[•eventing the sludge from falling out. 

As the hole deepens new lengths of rods are added at 
le top, and when the weight becomes too great for the 
len at the bracehead raise, the lever or braJcestajff 
Ig. 68) is brought into use. This is provided at one 
id with a hook, and from this the bracehead, with rods 
id chisel attached, is suspended by means of a short 
(0168) 9 
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chain, or an appliance called a stirrup. The men altwjr- 
nately depress and let go the other end, in this way 
raising and letting fall the rods in the holt?. The master 
borer, grasping the bracehead, moves slowly round in 
the manner already described, thus giving the chisel a 
partial turn after each blow. 

When the chisel passes into a new bed of rock the 
man at the bracehead feels a difference, and in this way 
the thickness of each stratum is ascertained. I'he master 
borer carefully examines the contents of 
the sludger when it is drawn up, also the 
chisels, to find out the nature of the rock, 
and all particulars are carefully entered 
in a book. 

Sometimes the rods break and special 
tools (fig. 7fi) arc then necessary to re- 
cover them. Also in soft ground the hole 
sometimes requires to be lined with iron 
tubes; if possible, these tubes must be 
recovered wlien the boring is finished. 
For very deej) holes special appliances 
are required to overcome the difficulties 
due to the great weight of the rods in the hole, and 
instead of men a steam engine is generally employed to 
operate the lever, &c. 

The ordinary system of boring, modified to suit the 
conditions, is akso used underground to prove strata, 
as in the case of a fault, and for other purposes, as to 
tap water, &c. 

110. The Diamond System.— This is a type of rotary 
boring. In percussive boring, we have seen, the rock 
at the end or bottom of the hole is chipped or broken 
away under the force of a series of blows delivered on 
to it or transmitted by the cutting tool. But it is 
different in rotary boring. In the latter method, as 


1 


Fi)? 7ti -Toiih lor 
ExtractniK Broken 
Eoils 

1, Crow’a-foot, 2, 
bell, 3, spiral worm. 
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irftplied by the name, the boring tool is made to rotate 
or turh round and round — always in one direction — so 
that tlie cutting part presses steadily against the ground 
at tlie end of the hoki. In one form of rotary boring — 
the form used in boring holes for blasting — the drill 
(tig. 187) is of a twisted shape, 
and grinds the rock in front of 
it into dust, thus forming only 
the hole itself. But in the 
diamond system a ring or an- 
nular S{)ace is Vjored, leaving a 
solid core in, the centre (tigs. 

77-8). This core is extracted 
at intervals, and affords exctil- 
lenb samples of the strata passed 
through. 




and Annular Space cut by Fij; 7t> — l)i.mnnia Method 

Diamond Drill uflloiiiif' 


' The cutting part in the diamond system is called the 
crown (fig. 78), and is set with real diamonds, the 
diamond being the hardest substance known. The 
ones used are black in colour, valueless as jewels, but 
yet very costly. ^ 

The crown is screwed to the care tube, and above this 
are the rode. The whole is made to revolve rapidly by 
an engine at the surface. The rods are hollow, and 
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a stream of water is forced down them by a pump 'on 
the surface. This water rises up outside the "crown, 
core tube, and rods, and carries with it the rock matter 
produced by the crown in forming Ibe ring or annular 
space. As the water nears the sin-fac(‘ its force weakens, 
and any heavy pieces of material which w'ould tend to 
drop back are caught in the sediment tube. 

The core as it is form(‘d passes into the core tube and 
is prevented from falling out when being drawn up to 
the surface by means of a special ring placed at the foot 
of the tub(‘. 

The diamond sysban of boring is niiiuh rjuieker than 
the ordinary method, and gives a p('rf(‘ct knowledge of 
the ground passed tlirougli. It has, liowever, certain 
disadvantages, and therefore the ordinary or other 
system is often preferred. On account of the cost of 
the diamonds substitutes are sometimes used. Hand- 
boring diamond macliines are also sometimes employed 
both above and below ground. 


CHAPTER XIX 

GETTINO DOWN TO THE COAL 

Preliminary Consulerations— Sinking ami securing a Circular 
Shaft — Special Methods of Sinking. 

III. Preliminary Considerations.— Satisfactory evidence 
having been obtained on the existence of coal in quan- 
tities that will pay for the working, and on all the 
other points required, the next step in the starting of 
a colliery is to get down to the seam or seams. Before 
this can be entered on, however, certain very important 
questions require to be considered. These are as to the 
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number of openings or entrances to be made to tlie seam 
or seariks, the position of such openings or entrances, and 
their size and form. 

112. Number of Openings to the Seam. — In regard to 
the number of opijnings or entrances to the seam, at least 
two are usually necessary, though under certain excep- 
tional circumstances there may be only one. This is 
made compulsory/ by the Coal Mhies Regulation Act, 
an Act of Parliament pas.sed in 1887, which states that, 
except under cetlain conditions, “ there must be two shafts 
or outlets to eveuy seam”. But while two, then, is the 
minimum numbei- of entrances or outlets to an ordinary 
seam, more than two may be required for the efficient 
working of the mine; and this, therefore, forms one 
of the questions that must be settled before the actual 
operations of getting down to the coal are begun, 

113. Position of Openings or Shafts. — The next question 
to be considered is that of the position of the entrances 
to the seam. In deciding this many things have to be 
taken into account, as, fo** example, tlie inclination of 
the seam (the information obtained in the boring being 
here utilized), its depth from the surface, the nature of 
the ground at or near the surface, the proximity to a 
railway, &c. The problem is to have the entrances or 
outlets in a place that will permit of the coal being 
produced and sent into the market at the lowest possible 
cost (§ 106), and the solving of this problem is often 
attended with great difficulty. 

If the coal outcrops, the task may be much simpli- 
fied. Two or more “roads” or openings called day 
drifts, or daylight mines, &c., may be started at the 
surface and driven down in the seam itself — sometimes 
they are driven in the stone, and sometimes partly in 
both according to circumstances. Lines of rails are 
laid in these and the coal brought to the! surface in little 
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wagons called tubs or hutches (fig. 168). But usually 
in Britain the seams lie at such a depth bel6w the 
surface that shafts (fig. 38) are required. Tliese are 
openings or passages cut straight down through the 
strata. They are generally very costly, and in fixing 
their position the greatest care and foresight are 
necessary. 

Shafts may, of cours(‘, be sunk even where the coal 
outcn)ps, and in some instanc(‘s there are both shafts 
and drift.3. In all cases the two shafts or outlets “must 
not at any point b(‘ nearer to one another than fifteen 
yards”, and must Ik* connected by a paf^sage “not h'ss 
than four b'et high and four fe(d wide”. This also is 
rendered compulsoiy by th(‘ Coal Mines Refj'ulation Act 

114. Size and Form of Shafts.— In fixing the size and 
form of shafts there is not so much difficulty as in 
determining their position. Tlu' size will be decided 
mainly by the output, or number of tons of coal per 
day raised; while the form or shape will depend a great 
deal on the custom of the country or locality in which 
the shafts are to be sunk. In Eiigland and on the Con- 
tinent circular shafts (fig. 84) are preferred, while in 
Scotland rectaiigular forms (fig. 90) are the rule. The 
latter form is also used much in America. But a 
circular shaft is stronger than a rectangular one, and 
therefore, where the ground is of such a nature as to 
require gi'eat strength of shaft, or some special method 
of sinking, the circular form is usually adopted, even 
in Scotland. Shafts may also be square, elliptical or 
polygonal in .shape. 

115. Sinking and Securing a Circular Shaft.— Now in 
sinking any kind of shaft the work is not confined to 
excavating and removing the material. The shaft sides 
must be supported or they will collapse and fall in on 
the workmen. Then water usually finds its way into 
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tiffe pit bottom and muRt be dealt with or it will rise 
up in the shaft and put a stop to the whole sinking 
operations. 

116 Ground through which Coal Pits have to be Sunk. — 

The first part of the sinking is not always the easiest, 
as might be thought. The whole ground to be passed 
through, as was seen in our geology lessons, consists 
of tlie more or less soft beds at or near the surface and 
the hard rock beds lying fartber down. The top of 
the tirst hard i-ock bed is called the slonehead, and 
getting down to the stonehead is the first operation in 
sinking. , 

1'7. Getting Down to the Stonehead. — Now, getting 
down to tht stonehead is often very ditiicult. Somc- 
tim('s part of tlic ground consists of (juicksand or 
heavily watei'ed .strata, and then great trouble is sure 
to be experienced. U.sually in such cases .some special 
method of sinking,^ to suit the nature of the ground, 
has to ht) adopted. We may suppo.se, however, that the 
strata are sucli as are ordinarily met with, and that no 
special difficulties are* encountered in the sinking. 

The first step will be to juovide all the necessary 
tools and appliances, that there may be no delay when 
once the actual sinking operations have been com- 
menced. The tools will include picks, shovels, wedges, 
blasting gear, saws, axes, hammers, &c., while the ap- 
pliances will comprise at least kibbles (also called kettles, 
‘ hoppits, and hcnvks), a headgear with landing stage and 
pulley (fig. 79) and a stationary engine with drum 
and rope. Temporary erections, such as blacksmiths’ 
and joiners’ shops will also be required. 

When the prelimina^ arrangements have been com- 
pleted, the sinking is commenced. The position of the 
shaft is carefully marked off* on the surface and then 

^ See end of chapter. 
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the ^'ound du^ out to a depth o£ about 6 ft. The 
shaft sides will now need to be supported to J3(:‘event 
them from falling in. For this purpose timber is first 

used. Afterwards, 
when the stonehead 
is reached, a circular 
wall is built right 
up to the surface 
(hgs. 84-5) and the 
timber taken out. 

The timlxu- fit- 
tings (tigs. 80-2) 
consist of curbs or 
cribs, backing deals 
or laggings, punch 
props, and string- 
ing deals. Instead 
of the curbs, iron 
rings are sometimes 
used, and instead of 
the stringing deals strips of flat iron. 

As will be seen from hg. 82, the backing deals stand 
against the strata, thus supporting the beds and pre- 
venting any rock material from falling into the shaft. 

Figs 80, 81 —Flout View and Plan of Two Seguieuts of a Curb, showing cleats 




Fig 79.— Ruibing and Tipping the Material at a 
Sinking Pit 

W, Winding drum; h, k, kibldes or kettleu, T, bogie 
or trolley, s, shoot 


They are simply boards about 9 ft. long and 1 in. thick. 
The curbs are circular frames constructed to suit the 
circumference of the shaft. They are made of hard 
wood and hold the backing deals in position. Each, it 
will be seen, consists of a number of parts or segments 
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joined together by cleats (figs. 80, 81). The punch props 
are phiced between the curbs (fig. 82), and the stringing 
deals nailed to the 
front of the latter and 
to beams placed across 
the mouth of the shaft 
at the surface, the 
props and deals thus 
supporting and keep- 
ing the curbs in thdr 
places. The timbei- 
ing is carriedjap about 
3 ft. above the surface 
level of the ground, 
to enable the exca- 
vated material to be 
emptied or “tipped” 
easily. 

Sinking can now 

be resumed for another few feet and a new section 
of timbering put inf this new section being joined to 
the part above. Then more ma- 
terial is excavated and additional 
timbering put in, the processes 
of sinking and securing the 
shaft sides being continued al- 
ternately until the stonehead is 
reached. 

118. Raising the Material. — At 
first the clay, &c., is thrown to the 
surface, but about 12 ft. down the 
depth becomes too greq^t for this 
and the kibble is used. Some- 
times- the latter is raised and lowered by men working 
a windlass (fig. 83), but this is only suitable for shallow 


Fig 8-2 —Temporary Lining for Circular Shaft 


c, Curbs; 6, backing deals, r, punch props; 
8, stnnging deals. 
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depths, and a steam enjijine is generally employed‘ 
(fig. 79). In loading the kibble care must be tak«;n to 
H(*e that no stones, &c., can fall out, and that no material 
is adhering to the outside, as anything dropping down 
the shaft miglit fall upon and injure the sinkers. For 
the same reason the landing stage or scafibld at the 
mouth of the shaft (tig. 79) is made so as to leave 
an opening onl}^ large enougli for the kibble to pass 
through. Very often in em])tying the kibble it is 
merely swung clear of the shaft, but sometimes a hogie 
or trolley is us(‘d, as illustrated in tig. 79. Sometimes 
the opening at the top of the shaft is fitted with folding 
doors, which arc o])ened to allow the kibble to pass 
up through, but at oth(‘r times are k('j)t closed. 

When the kibble is travelling in the shaft it liangs 
from a spring hook at the end of the winding rope, 
and is often not guided in any way. It therefore tends 
to awing about or oscillate, and to prevent this guide 
ropes and an appliance called a rider are sometiim^s 
employed. 

Tlie men engaged in the (jxcav^tion of the material 
are termc^d sinkers, and in putting down deep shafts 
a considerable number of sinkers may be employed, as 
the work is usually continued througliout the twenty- 
four hours. As one set of sinkers “leaves off” another 
set begins, the portion of the twenty-four hours during 
which each set works being called a shift During each 
shift the operations are in charge of a “leader”, “fore- 
man”, or “chargeman”. To secure the utmost safety 
special rules for the conduct and guidance of all persons 
engaged have been instituted, and these require to be 
very carefully observed. 

119. Walling the Shaft from the Stonehead to the 
Surface. — As already stated, when the stonehead is 
reached a circular wall of brick is built up and the 
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timber taken ont. This wall forms tlie permanent 
lining of the shaft, th<i timber being thus temporary 
IvrAnq. 


Before commencing to build the wall the sliaft bottom 
is levelled very accurately. Then on the levelled sur- 


face a walling curb is laid down 
(tig. 84). This is in parts or 
segments like the curbs in the 
temporary lining. It may be of 
wood hut is oftim constructed of 
CAst iron, the segments in the 
latter case b<*ing bolted together. 



Elp. 84.~Sec ti()n of Circular Shaft, 
Hiiowing walling 



Fig 8.') - Walling Stage or Cradle 


The wall is erected on the top of the walling curb. As 
it is built up, the timber or temporary lining is removed 
and the space between the permanent lining and the 
strata packed with some liglit material such as fine 
ashes. 

In building the wall regular bricklayers are em- 
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ployed. They stand on a circular platform, called a 
walliny stage or cradle. This is suspended in the chaft 
by a rope (fig. 85) to which it is connected by four or 
six chains and must be strong enough to carry the men 
and a quantity of building material. By means of the 
rope it can b(i moved up or down the shaft as re(]uired. 

120. Special Methods of Sinking. — As has been men- 
tioned (§117), getting down to the stonehead is some- 
times very difficult, owing to the nature of the ground. 
If another site for the shaft in good ground and equally 
suitable is available it will be adopted, but such alter- 
native may not be possible and the shafts haye to be put 
down through the bad ground. Some special method 
of sinking, suited to the conditions, has then, as we have 
seen, to be adopted. 

121. Pile Sinking. — An old method, sometimes yet 
adopted, of sinking through loose and running ground, 
is that known as 'piling. A pile is a plank having the 
lower end tapered to a cutting edge and the upper end 
protected by an iron hoop. A sufficient number to form 
a large circle or ring — much largcH* than the required 
finished size of shaft — are driven down edge to edge. 
As the material is removed from within the circle, curbs 
are put in to keep the planks in their places. Then a 
second circle of piles is driven down inside the first 
and supported by curbs as the sand, &c., is removed. 
If necessary a third circle is driven down inside the 
second, and a fourth inside the third, and so on until 
the solid rock is reached. A walling curb is then laid 
down, and the permanent walling built up in front of 
the piles. 

122. Cylinders or Drums. — A more modern method is 
to use cylinders (also called drums) of brick, brick and 
wood, or iron. The cylinders are provided with a cut- 
ting edge at bottom. The first two sink by their own 
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•weight as the rock material is removed from the in- 
teridr, but the iron cylinder lias to be loaded, or pres- 
sure applied in some way, to force it down. The cylinders 
are added to at the top as they continue to sink. Means 
have to b(; taktm to ensure that they descend quite ver- 
tically, iron cylindcu-s bein^ suspended by chains and 
screws from lieams placed across the mouth of the 
shaft. Sometimes sinkin^j by cylinders is termed caisson 
siiilcvng. 

123. Sinking by Compressed Air. — Another method of 
caisson sinking is that in which compressed air is used. 
This is soiyetimes called the Triger system, from the 
naiTKi of the person who first employed it. In this 
method the cylinder is divid(‘(l into air-tight compart- 
ments and the compressed air forced into the bottom 
one. The j)ressuri' of the aii‘ is sufficient to keep the 
water in the sand from entering the compartment, 
thus allowing the men to work. The high pressure of 
the air, however, nec<.‘ssary for this pui-pose, is very 
injurious to the workman, and therefore Trigers method 
can only be used wlfere the depth is limited — not much 
beyond 100 ft. 

124. Freezing Systems. — In another method of sinking 
called Poetsch’s freezing system, also from the name of 
the inventor, the running sand is frozen hard by means 
of a congealing liquid made to circulate through tubes 
bored into the ground. When the ground has been 
frozen hard it is dug out by means of pick, shovel, and 
wedge, and permanent walling afterwards built up. A 
modification of this method is known as Gohert's system. 

125. Boring the Shaft. — In the Kind-Ghaudron system, 
used in hard strata g^iving off great quantities of water 
(so large that it would be quite impossible to prevent 
the shaft from being filled up), the shaft is bored out. 
The tools employed are called trepans. First a small 
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trepan is used to bore a liole, or small pit, a certaii? 
diameter and depth, then it is replaced by a largt^j: one 
wliich bores out the shaft to its full size. This is con- 
tinued until the water-bearing strata have been pierced, 
the trepans being used alternately and the boring made 
by tlie smaller one, always kept a certain distance in 
advance of that made by the larger. When the watery 
strata have been bored through, an iron cylinder with 
a water-tight Joint at the bottom, called the “ moss-box ” 
(because moss is used in making it water-tight), is 
lowered into the sliaft while the latter is still full of 
water. After the cylinder has been got into its posi- 
tion the space at the back is filled up with cement 
concrete. When the concrete has set, the water is 
pumped out of the cylinder, the wat(u*-tight joint pre- 
venting any more from entering. All this time no one 
has entered the shaft, but the men now descend and 
begin sinking in the ordinary way. 

The trepans are constructed of ironwork and are very 
heavy, the smaller one used at kbe sinking of the Dover 
Colliery shafts weighing about lOrtons and the larger 
one about 25 tons. Each is provided with large steel 
teeth or chisels, the larger one having in addition a 
guide ” which hts into the hole bored by the smaller 
trepan. They are connected to a steam engine by rods. 
The engine raises the trepan a short distance and then 
allows it to drop, thus cutting away the rock. 

The term “ Kind-Chaudron ” is from the names of the 
inventors, and, as in the case of Poetsch’s freezing system, 
there are modifications of this method 
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CHAPTER XX 

GETl'INO DOWN TO THE dOKh-^Ctmtinued) 

Sinking a Cirrnlar Shaft from the Stonchead — Keeping the 
Sliaft Vertical, &c. — Sinking a Rectangular Shaft. 

12G. Sinking a Circular Shaft from the Stonehead. — The 
ground will now be too hard to be dug out with pick 
and shovel, and must therefore bo blasted. We shall 
learn fully in chap, xxx as to this subject, but mean- 
time w^e may note that, in breaking up the ground by 
blasting, hohs must be bored to liold the explosive sub- 
sbtince. The holes are arranged as shown in tigs. 86, 87, 



FIrb 86, 87 — Pluii and Section, Bhowlng Arraiigenieiit of Shot Holes at Bottom 
of .Sinking Pit 


the inner ones being called smtiping-holes and the outer 
ones side-holes (or canch-holes). The sumping-holes are 
tired first. They are put dow n with a slope or inclina- 
tion towards the centre of the shaft (fig. 87), the number 
in the circle (fig. 86), and their position and depth, de- 
pending on the diameter of the shaft and the nature of 
the rock. They are heavily charged with explosive, and 
when fired form a space in the shaft bottom called a 
sump or sumphole. This sumphole is of use in collect- 
ing the water that comes into the shaft, enabling it to 
be baled into the kettle more easily, and tending to keep 
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the rest of the shaft bottom dry. It also makes the 
work of the side shots less, as the rock to be displaced, 
bein^ free on the side next tlie siiinphole, is more easily 
dislodged tlian if it were completely solid, as in the 
case of the snmping shots. This is expressed in mining 
phraseology by saying tliat the side shots are “ in the 
solid on one side ” or hav(‘ one “ fast side ”. Often also 
the term “cut” is used, tlie open s])ace formed by the 
first shots being called the “cut”, and the second or 
succeeding shots being said to have been given “cut”. 
As has been stated, 'when a shot has cut, or is in the 
solid only on one side, the rock is more (‘asily dislodged 
than when it is completely in the solid. A smaller 
amount of explosive substance, then, will be required for 
a shot that has cut than for the same shot without cut. 
The >jide-holes are charged and fired in the same way as 
the sumping-holes, the work of drilling the holes being 
commenced as soon as the debris produced by the sump- 
ing shots can be cleared away from tlu^, ground next the 
shaft sides. Sometimes all the holes are bored before 
setting off th('. sump shots, and in that case the side- 
holes arc Htopp(‘d to prevent ar»y rock material from 
entering. 

In rectangular shafts the ground is broken up in like 
manner, only the sumphole is formed near one end 
(called the di/p end), and the other holes arranged across 
tlie shaft, parallel to the shorter side, one row being 
fired afb'r another. In all shafts great skill is required 
in deciding the position of the shot holes, their number, 
depth, and inclination. 

In firing (also called “lighting” or “setting off”) the 
shots, the utmost care is necessary. All the tools are 
removed to the surface; the sinkers also ascend, leaving 
only the chargeman and one other man in the shaft 
bottom. These see that the kibble is ready, then quickly 
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the fuses, anri, mounting the kibble, are drawn up 
to the^ surface. The fuses burn very slowly. One end 
>f eacli is connected to the explosive inside the hole (in 
the way to be explained in tdiap. xxx); the other end 
Tlie end that is lighted) projects far enough to permit 
jf the ehargenian and his assistant reaching the surface 
in safety. As tlu^ shots go ofl' Ihe}^ are counted. If any 
[ail to explode, then a considerable time (see Special ■ 
Ralcfi) muot be allowed to })ass before any person enters 
the shaft. In most sinking pits the shots are now fired 
by eh.'ctricity. This is safer, as all the men are on the 
•iurface before the electric cables are connected to the 
exploder (figs 141-2). But in electric firing the shots 
ixplode simultaneously and cannot be counted. 

In boring the shot holes hand drills (fig. 185) and 
[mmrners are sometimes used, but very often machines 
ire employed, these being worked by men, by compressed 
lir, or by electricity. 

127. 'D'se of Temporary Lining. — Now, in sinking a 
ni'cular shaft from the sionehead downwards the sides 
3f the shaft may or may not be lined temporarily. It 
iepends on the hardness of the strata. If temporary 
lining is not used, then great care has to be taken to 
see that the sides are quite free from loose stones, lest 
these should afterwards become detached and drop down 
Dn to the sinkers. Regular inspection of the sides is also 
necessary. 

128. Method of Sinking and Putting In the Permanent 
Lining. — Whether the sides are lined temporarily or not, 
the walling is put in in sections or lengths, part after 
part of the shaft being secured as the sinking proceeds, 
and each new section of ^walling joined to the part above. 
A support is left for the walling curb and section of 
walling already put in by carrying down the sinking for 
a few feet in a line with the inside of the curb (fig. 84). 

(C153) 10 
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When a sufficient support has been left, the shal’t eis 
opened out to its full diameter and continued at this 
down to tlie point where it is considered advisable to 
begin a section of walling. This section is started and 
built up in exactly the same way as was the one from 
the stonehead to the surface. When the walling reaches 
the curb support, the latter is cut away and the wall- 
ing brought up to the und(ir side of the curb, the ledge 
not being all removed at once, but part after part, and 
the walling brought up until the whole circumference 
of the shaft has been treated. This is called under- 
pwning. Other sections of walling are put in in a 
similar way. Sometimes the cradle is so constructed as 
to permit of the sinking going oti below while the section 
above is being secured with walling, thus enabling the 
shafts to be sunk in a shorter period than is possible 
where the sinking operations have to be stopped while 
the bricklayers are at work. 

129. Keeping the Shaft Vertical. — Great care must be 
taken to keep the shafts (piite verticiil. A plumb line 
is suspended in the exact centre of the shaft. By 
measuring from the plumb lin(; with a wooden rod, 
called a radius rod or centre stuff, the master sinker 
can tell whether the walling curb is in its proper 
position, and also at any time whether sufficient of the 
rock has been removed to lot in the walling curb and 
walling. 

The curbs must be exactly under each other, and in 
putting one in, plumb lines are hung from the curb above. 
These extend down to the front of the curb being put 
in, which can thus be set in a line with the one above, 
but the position of every third curb is checked from the 
main plumb line in the centre of the shaft. 

The main plumb line is passed through a hole bored 
in a plank laid across the mouth of the shaft. It is 
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kept steady by immersing the “ plumb bob ”, or weight 
attacked to it, in a bucket of w'ater. Sometimes, instead 
of the plank, another arrangement is used. When not 
in use the plumb line is kept coiled on a little drum or 
reel. 

ISO. Ventilating and Lighting the Shaft. — When the 
shaft has Ikh'ii sunk down a certain distance, means 
recjuire to be taken to ensure a constant supply of fresh 
air for tne sinkers, and for driving out quickly the 
smoke produced by the blasting and the gases which 
ai'e sometiriK's given off from the strata. Different 
methods are .adopted for this purpose. Sometimes the 
shift is divided into compartments by a partition termed 
a brattice, and a current of air made to travel down one 
compartment and up the other. A common method is 
to fix pipes of sheet iron or wood down the side of the 
shaft and connect these to a machine on the surface 
called a fan. The fan forces the fresh air down the 
pipes — air, smoke, &c., rising up the shaft to the surface. 
An air pipe is shown in*fig. 85. Where compressed air 
is used for wor king the drills at the bottom of the shaft 
the air can be employed for the purposes of ventilation. 

131. For lighting the shaft electric lamps are some- 
times adopted, especially if the shaft is large and deep. 
During blasting the lamps are hoisted up out of danger 
and afterwards lowered down again. Very often the 
sinkers just use little oil lamps which are hooked to 
the front of their hats or caps. To prevent the flame 
from being extinguished by drops of water it is pro- 
tected by a tin shield. 

If the gas known as firedamp is likely to be met with 
in the sinking, then ^inly safety lamps (chap, xxxvi) 
must be employed. 

132. Dealing with Water. — As alrcad3^ mentioned, § 115, 
water usually enters the shaft from the adjacent rocks. 
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If the quantity is not very f^reat it may be baled into 
the kibble an(i taken up to the surface with the debris, 
or the kibble may be filled with water alone when there 
is no rock material ready to be wound up. If, how'ever, 
the amount of water is too larp^e for this, wder barrels 
or pimips are usc'd. Where water barnds are employed 
they are usually arranged to dip into a eoll('ctin^ tjink 
fixed a certain distance above the shaft bottom. The 
water in the shaft bottom is raisc'd into the tank by 
a small steam pump. 'Phe tank can be 
lowered as the sinking proceefls. 

133. To prevent the water, from running 
down the front of the brickwork water 
rings or garlands ar(5 employed. Th(‘se are 
built into the walling at intei'vals They 
ar(‘ constructed in difieient ways A com- 
mon form is shown in fig. 88 It is of cast 
iron, similar to a walling curb, but with a 
groove in front running round the whole 
kik 88-Wfttci circumf(‘rcnce of* the shaft. For a shoi‘t 
distance abov(‘. tlu^ groove the brickw^ork 
Water down Shaft is cut OT* “ sliom ” back to l('t the watcf 
enter the ring easily. \"eiy often a wall- 
ing curb coinbin(‘s both a walling curb and water ring. 

The w'ater that collects in the ring is carried down 
in a tube or pipti to tln^ next water ring or to the bottom 
of the shaft or tank fixed above it. Sometimes these 
pipes arc led into special excavations made in the strata 
adjoining the shaft. Such excavations, termed lodg- 
ments, are for the purpose of affording standage for 
water. 

134. Where the quantity of water given off* by the 
strata is very great it is desirable, if possible, to dam it 
back in the rocks and thus prevent it from entering the 
shaft. But this is only practicable where the water- 
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tearing be{3!s arc underlain by impervious beds through 
wliichfthe water cannot afterwards find its way into the 
pit Soinetinics a water-tight lining of brick and cement, 
called coffering, is employed, but more usually cast-iron 
iuJ)bing requires to be adopted. This consists of cast-iron 
plates built up on a wedging curb (fig. 89). The plates 
are curv(‘d to suit the circle of the shaft. They are 
joined end to end right round the circumference, and one 
circle stands on the top 
of another. Tiny are 
made j^erfectly tight by 
means of wood wedges. 

Each plat(' has a hole in 
the centre to allow the 
water to run oT while the 
tubbing is being built U]> 
in the shaft. Afterw^ards 
these holes ar(‘ plugged 
up. 

185. Sinking and Tim. 
bering a Rectangular Shaft. 

— The process of sinking 
a rectangular shaft is 
similar to that of a cir- 
cular one so far as digging the rock material and remov- 
ing it with the kettle is concerned, and also as regards 
the ventilation, &c. (see method of breaking up the 
ground, § 126). But the method of securing the sides 
is quite different. Rectangular shafts are usually lined 
permanently with timber, not with bricks as in the case 
of circular shafts. Nor is temporary lining used, the 
timber first put in being allowed remain until it is 
broken or has become so decayed as to require to be 
renewed. 

As will be seen from fig. 90, the fittings consist of 
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side barring, end barring, bunions, wall plates, and 
comer rackings. Sliort pieces of wood termed “ filling- 
in pieces” are now also sometimes used. The side and 
end bars may be described as planks. They form a 
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fidme which is strengthened at the corners by the corner 
rackings, or, sometimes, angle irons, the corner rackings 
being long pieces of wood, either square or triangular in 
shape, nailed to the barring. Usually the side and end 
bars a’-e notched into each other, as shown in tig. 90. 
The wall-plat(;s, also jdanks, are spiked to the side 
barring on (aicli side of the shaft. They are at right 
angles to the side bai’s, and thus foian vertical lines of 
planks right down the shaft. 'Idle buntons, s(]uare or 
rectanguhiT- b('.ams, are placed between opposite pairs 
of wall-plat(is. They thus stretch from one side of 
the shaft to ^le cither, giving support to the side bars. 
Tt will be seen that the buntons also divide the shaft 
into' compartments, and to them are fixed the dides or 
cage guides. The vertical distance between the buntons 
depends on the nature of the sti'ata, but is usually from 
about 3 to f) ft. Between each pair at the ends, or next 
the wall-plates, the tilling-in pieces (or “punch props”) 
when used are placed (not shown in figure). These assist 
in keeping the buntons* in their places, and also add 
to their strength. Sometimes, uistead of filling-in pieces 
wood brackets are nailed to the wall -plates under the 
ends of the buntons. 

Bectangular shafts, like circular ones, are secured part 
after part as the sinking proceeds. The barring is built 
upwards, edge to edge, until it reaches the section above. 
It is wedged tight at the corners, and also opposite the 
buntons, wood wedges being driven in between the bars 
and the strata. The rest of the space behind the barring 
is packed with some light material through which water 
can drain easily. 
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CHAPTER XXI 

WOKKlNOx THE COAL 


Water Standage — Preparatory Operations — Keeping a Road in 
Its Course — Keeping the (iradient. 

18G. Water Standage.— In the two preceding cliaptei-s 
we saw the steps necessary to get down to the coal. 
Tlie sinking, howev(‘r, does not Ln'ininate at tlu' seam 
(or lowest seam intended to be worked). It is continued 
for a sliort distance in tlie stone below ^the coal, the 
excavation thus formed — from tlie floor or bottom level 
of the seam down to the (extremity of the shaft — being 
called the samp (tig. 38). The sump is, then, really a 
continuation of the shaft. It serves as a “standage” for 
tlie water which, as has been seen, may drain down the 
shaft, 01 ' which may be brought from some part of the 
mine (chap, xl), the sump thus keeping the shaft sidings 
or landings at the pit botton. dry. But where the 
quantity of water is large the storage capacity of the 
sump will not be sufficient, and a lodgment (§ 133) 
will require to be formed in connection with it, either 
in the seam itself or the stone under the seam. 

137. Preparatory Operations. — The sinking of the shaft 
being now completed, the main roads or levels will be 
commenced, the shaft pillar formed, and the necessary 
connection (§ 113) between the two shafts or outlets 
made, these operations being preparatory to the general 
excavation of the seam. 

138. The Main Roads. — The main roads, as implied by 
the name, are the principal thoroughfares of the mine. 
They lead from the shafts to the innermost parts, form- 
ing, as it were, “highways” between the shaft and the 
mine workings or districts where the coal is being exca- 
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vated (fi^. 113). They must therefore be wide and high, 
and, ill order that falls of rock material from roof and 
sides may, so far as possible, be avoided, require to be 
seciii-ed very tliorouglily, in the way aft(‘rwards to be 
shown. 

189. The Shaft Pillar. — The shaft pillar (tig. 118) is 
a largti mass of coal hd't unworked all i-ound the shaft 
or shafts. It supjwrts the strata above, hence the term 
“pillar”. If there weie no sliaft pillar, or, in other 
words, if the coal round the shaft was all taken out, 
then the rocks in the vicinity of the shaft would subside, 
and, as a r-eswlt of this, th(‘ shaft walling and erections 
on th(! surface might collapse To gnai'd against this, 
tlieii, this part of the s(‘a,m is left untouclied, except 
for di'iving the necessary roads through it. 

In Scotland the term “ bottom stoop” is generally 
used, “stoop” her(‘ meaning “pillar”, and therefore 
“bottom stoop” the “stoop” oi’ “pillar” of coa! at the 
bottom of the shaft. 

The size of tlu; sliaft ’pillar is different for different 
.seams. It depends on many tilings, such as the depth 
from the surface, the thickness and inclination of the 
seam, the nature of the strata abo\e the seam, &c. It 
is sometimes very large. 

140. Direction of the Main Roads. — Tin* direction of 
the main roads is very important. They aie generally 
started from opposite points in the shaft, and continued 
right through the seam (fig. 118), but their exact course 
or route must first be decided. This, like the size of 
the shaft pillar, depends on many things — the position 
of the shafts, the inclination of the seam, the system 
of haulage (chap, xxxvii), the methtid of working the 
coal (chaps, xxiii-xxv), the position of known faults, &c., 
and whether water is given off in the mine, all having 
to be taken into account. If the seam is flat all the 
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roads in the mine will be level, but if, as is usually the 
case (§ 53), it is more or less inclined the main .roads 
may or may not be level, according to what is thought 
best in view of all tlie circumstances mentioned. Thus, 
if the system of haulage is by horses, it is considered 
advisable to have the main roads rising slightly from 
the sliaft, in order that the horses may not have to exc'rt 
a greater force in pulling the full hutches to the shaft 
bottom than in hauling the empty ones into tin; work- 
ings. The direction of the main roads, then, would need 
to be such as to permit of this gradual slope upwards 
from the shaft. Again, if water is given o^' in the seam 
it is desirable that it should flow to the sump, and that 
is only possible if, in making the roads, a slightly upliill 
course has been followed. Such roads are called “levels” 
by miners, though, since they dip slightly towards the 
shaft, it is obvious that tln^y are not (juite level. Then, 
again, if the system of haulage is mechanical, such as, 
say, a steam engine working a rope (tig. 174), it is a 
great advantage if the engine planes (or main roads) can 
be constructed free from curves, “and accordingly the 
straightness of the roads becomes a subject of considera- 
tion as well as the gradient. 

141. Number of Main Roads.— Usually for the sake 
of ventilation two parallel roads a short distance apart 
are driven, the air passing from tln^ downcast shaft along 
one of the roads and returning to the upcast shaft by 
the other (fig. 150). But sometimes, where water is 
given off’, a third or special level, termed a water levels 
is formed. 

142. Keeping the Road in its Course. — The extreme 
end of the road, or the part where the miner is at work 
cutting away the material, is called the face (sometimes 
the “end”), and when a road has to be driven in a par- 
ticular direction means must be taken to keep the face 
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atlvancing in the proper course. For tliis purpose plumb 
lines ff’, fi^. 91) are used. By the aid of a compass or 
theodolite (ti^s. 199-200), marks are made on the roof 
coincidin^^ with the direction the road has to ^o. The 
marks are usually three in number, and are a short 
distance apart. Hoh'S are then made at tin', marks, and 
the plumb lines susj)ended from wood plugs inserted 
into the hol(\s. Tims the plumb lines hang down from 
tlie roof, one exactly in front of anoLlier (fig. 91), the 
tliree giving a straight line corr(‘sponding to that formed 



Fi{j 91 - Pliiiiil) t»i' Sijtht I.uifs 


by the points or mailvs on the roof, and therefore in- 
dicating the direction in which the excavation must 
proceed. Anyone, then, placing his eye to the plumb 
line farthest from the face can tell whether a light held 
at the face is in a line with the plumb lines, and there- 
fore whether the road is going in its proper direction or 
not. Sometimes the plumb lines are termed “ sight 
lines” or “sights” (or “views”), and in taking a “sight” 
or observation (or “view”) a light must be held against 
the lines nearest the face as well as at the face. 

Often the plumb lines are hung in the centre of the 
road, and the light at the face must then b(i at the 
centre of the excavation, when in line with the plumbs. 
But if, as is considered better, the plumb lines are sus- 
pended a certain distance from one side of the road, 
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then, if the road is following its proper course, a person 
“taking the views” ought to see the light at the face 
at the same distance from the side of the road as are the 
plumb lines. 

By taking sights frequently it iw possible to keep the 
road going ([iiite straight in the required direction. 
Sometimes only two plumb lines are use.d, but three 
are better, as, if the position of any one line becomes 

altered through 
movement of the 
strata, the change 
is ]n(H-e easily d(‘- 
t(!Cted with tliree 
thaii with two 
lines. Movement of 
th(' strata may also 
caus(^ the timber or 
other supports to 
the roof to shift, 
and for that reason 
the plumb lines, 
where possible to avoid it, ough.t not to be hung from 
those. 

143. Keeping the Gradient. — To keep a road at a given 
inclination an appliance such as illustrated by fig. 92 
is sometimes used. This is called a plmub-boh, or T-bob, 
from its resemblance to an inverted T. It is constructed 
strongly of wood, ab being a horizontal piece, DE a 
vertical piece carrying a plumb and being stayed by 
two side pieces, AC a sole piece set at the angle the 
road has to rise or dip. 

In checking the gradient, AC rests on the floor, and 
if the inclination is correct AB will then be horizontal 
and the plummet hang in the centre of the vertical 
piece DE. If, however, the road is not at its proper 




WORKING THE COAL 


141 


gradient, then AB will not be horizontal, and the plummet 
will bang outside the centre of i)E. 

Sometimes a hole is made in the vertical piece for 
the reception of tlie plummet, and in addition to the 
latter a spirit level is placed on the horizontal piece 
AB. Wlien AB is quite level the air bubble of the spirit 
level will be at its central point. 

The figure represents a T-bob for a gradient of 1 in 5, 
the- horizontal piece AB being 5 ft. long and the short 
vertical piece 1 ft. (§53). If the road were to be level, 
then the pieces AC and BC w'ould not be required, and 
T-bobs ar(i yften constructed without tlu'se. In that 
case if the T-bob were used in an inclined road a small 
piece of wood of a certain thickness would be screwed to 
tluj under side of ab at one end. The thickness of this 
small piece of wood w^ould depend on the inclination of 
the road and the length of ab, and the T-bob would 
reejuire to be placed so that the end of ab carrying the 
small piece of wood w^ould be downhill. This is in order 
that AB may be horizontal. 

As an example of this kind of T-bob: If ab were 3 ft. 
long, and the i‘oad wiire to rise oi' fall J in. per yard (or 
1 in 72), the piece of wood w^ould be h in. thick; if AB'* 
were 6 ft. long, then for the same gradient the thickness 
of the small piece of wood would be 1 in. Again, if the 
thickness of the small piece of wood w^cre J in. and AB 
3 ft. long, the gradient would be J in. per yard, or 1 in 
144; for the same inclination, if ab were 6 ft. long, the 
small piece of wood would require to be A in. thick. A 
common length for AB is 1 yd., the height of DE being 
also about 1 yd. Instead of the small piece of wood 
a tapered sole-piece extending the \^ihole length may be 
secured to the base of AB. 

For checking the gradient of a road an ordinary 
straight-edge and spirit level are very often used. If 
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the road rises or dips, a small piece of wood or sole-piece 
is attached to the straight-edge, as already described. 
Sometimes instead of the base-piece a small triangular 
piece of wood, in which the spirit level is emlxidded, is 
screwed to the upper edge of the straight-edge. 

From the foregoing it is evident that by “ distance ” in 
§ 53 is meant horizontal distance, not distance measured 
along the slope or incline'. Fig. 1)2 makes it quite clear. 


CHAPTER XXII ^ 

WORKING THE COklr-iConiinucd) 

The Shaft liottom — Driving and Securing the Mam Roads 


144. The Shaft Bottom. — Tlie shaft (or pit) bottom (fig. 
93) is a very important place. Here all the men disembark 
from the cages after descending the shaft on their way 
to their work, and here they return after their day’s 
labour is finished. All the fresh air required for the 
^ mine has to pass this part, some of it going in one direc- 
tion and some in another. The full hutches arrive here 
from the workings and are sent to the surface in the 
cage, while the tmipty ones, after being taken off the 
cage, are dispatched into the workings to be filled in 
their turn. 

The parts of the main roads, then, for a certain dis- 
tance on each side of the shaft, it can be understood, 
require to be wide and high and strongly secured, and 
all things well planned to permit of the work being 
quickly and easily done. Several lines of rails are re- 
quired, but next the shaft itself iron plates are laid to 
allow of the hutches being turned readily in any direc- 
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liion. This anangement of railvS, &:c., is so'metimes termed 
tlie shaft miings. 

If the seam is not thick enough to give plenty of 
height, part of the floor is dug up or part of the roof 
taken down. Often the sides and roof (and sometimes 
the floor also) ar(‘ secui'ed by means of brick arching 
(fig. 93), and sometimes wood b('am8 or iron or steel 
girders, stretching across the roof, are supported by 
walls of brick or wood built along each side of the road. 
In the latter case long pieces of wood, called lofting or 
lagging (anotliei- name is cleading), are placed longi- 
tudinally on J:/he to}) of the beams or girders, extending 
from one to another. This is to prevent any rock 
material from dropping down between the beams or 
girdei's (see figs. 97, 98, for lagging). 

145. Dimensions of Main Eoads from Shaft Sidings to 
Workings. — There is, of course, less traffic on the part 
of the main roads from the shaft sidings to the work- 
ings than at thv shaft bottom, and these parts, therefore, 
do not require to be either so wide or so high as near 
the pit bottom. Theif* dimensions are such as to suit the 
requirements of the mine, the width varying from about 
fl to 12 ft. and the height 6 to 8 ft. As at the shaff* 
bottom, if the thickness of the seam is not sufficient to 
give the recjuired height, part of either the roof or floor 
is removed, whichever is considered best in the circum- 
stances. 

140. Driving the Main Eoads. — In forming the main 
roads, or driving them as it is called, the tools used 
are picks, shovels, wedges, hammers, and blasting gear. 
The first step is to cut away the coal at the bottom, or 
any soft material under it. In doing this the miner lies 
on his side, or sits or kneels (fig. 94), and swings the 
pick backwards and forwards, hacking out a little of the 
coal or soft material with each forward stroke. This 
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process is known generally as undeiruttivg or holing 
the coal, though in some districts it is termed kirving. 
It is very laborious work, and in the general extraction 
of the seam is often now done by machines. Machines 
are also sometimes used in the driving of the main roads. 
These will be dealt with in chap. xxv. 

Sometimes the holing is done in a band of stone con- 
tained in the seam. When done in the seam itself it 
gives rise to a good d(‘al of waste, as, of course, the coal 
produced in the holing is very small. 

As the miner proceeds with the undercutting he moves 
from one side of the road to the other or across the face — 
the "face”, as we saw in the preceding chapter, being 
the (‘xtreme end of the road, where the mine]’ is at work. 
When ho reaches the sid(^ of the I’oad lie shovels back 
the "holings” or dirt which hi' has produced and begins 
again. 

After holing in this way for a shoi’t time the mine]' 
will be unable to work freely on account of the narrow- 
ness of the opening he has made, and, to give himself 
mo]*e room, cuts aw'ay part of the coal, or more of it if 
he has been holing in the coal. Then he holes farther 
in, the undercutting assuming the bu in of a large wedge 
(fig. 115). The (‘xact depth of the holing depends on 
the nature of the seam, hard coals being undercut for 
gi'cater dista]ices than tender coals. 

147. To guard against the coal falling down while it 
is being holed, apragn or holing props (figs. 94, 115, and 
13(1) are set up alo]ig the face at distances not exceeding 
6 ft. (General Rule 22). Six feet, it will be noticed, is 
the maximum distance the sprags can be set apart, but, 
as is evident fro]ii the rule, it may be ne.cessary to have 
them closer together. In all cases they must be carefully 
set up at the distances required. 

The kind of sprag used depends on the nature of the 
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coal Those sliown in fig. 136 are the ordinary form, 
the “cocker sprag” (fig. 115, 94) being employed where 
the coal is tender and liable to break down. In this case 
a bar of wood is placed across the face and supported by 
sprags and struts in the way shown. In addition to the 
“ cocker sprags ”, under or ordinary sprags may be used, 
also other arrangcmients suited to tlu* conditions of tln^ 
seam, the object in every case being to support the coal 
and make tlie operation of holing as safe as possible for 
the miner. (8(‘e also “ Dirt partings ”, 61.) 

When the undercutting has b(‘eii comj)li‘t('xl the sprags 
oi' lioling props are cautiously re- 
moved and th^coal taken down. In 
some cases it is possibhi to get down 
the coal hy the aid of the pick alone, 
or with the addition of hammer and 
wedge, but usually in driving a main 
road the coal has to be “blown down” 
by explosives. Where blasting is 
necessary one or more Jioles are 
bored in the seam nea^‘ the loof, charged with the ex* 
plosive substance, and th(*n tin‘d. 

If, say, three shots are nxpiin'd, the first will be used 
to blow or burst out the centre of the coal face, and the 
other two to break down the parts left on at the sides 
(fig. 95). The two side shots will not require so much 
explosive substance as the centre one because, as has 
been seen (§ 126), the latter “unkeys” the face and makes 
the work of the side shots less (or it gives “ cut ” to the 
side shots). The centre shot is sometimes called a 
“ burster ”, “ sumper ”, or “ sumping shot ”. 

Sometimes, before attempting to take down the coal, 
whether by hand (i.e. pick, wedge, &1i.) or explosives, a 
vertical groove is cut in it at one side of the road, from 
roof to floor, in to the back of the holing (fig. 96). This 

( 0 16S ) 11 



Fig i)f> ' s, s, Shot Uoles. 
Centre reniuveil 
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is termed “ nicking ” or “ sliearing ” the side. Its efiect is 
to unkey the face and render tlie use of a sumping sliot 
Unnecessary. Thus where the side is nicked two shots 
might be able to do the work of tliree where it is not 
nicked. But shearing, like lioling, adds greatly to the 
laborious part of the miner’s work. It is done with the 
pick, the miner sometimes standing (if the height of the 
seam permits of it) and sometimes kneeling, or occupying 
a recumbent position, during the process. The coal pro- 
duced, too, is very small. In some cases both sides of 
the road are nicked. 



Fift 9G.-Si(io Nicked 


A line of rails is laid down as the 
face advances, and along this tlie 
hutches of coal are taken to the 
shaft bottom. Provision has also to 
be made for the ventilation of the 
face (fig. 150) 

148. Stone Drifts. — Sometimes a 


main road has to be driven through 


stone instead of in the seamr The excavation is then 


termed a stone drift, though othoi* names, such as “ stone 
mine ” and “ mine ” are also used. 


A stone drift is more expensive to drive than a road 
through the coal. This is because the stone is harder 
than the coal, and usually of no value. Most of the 
cutting work has to be done by explosives, “ suinping ” 
or “breaking-out” shots being fired, and then “side” 
or other shots. Great skill is necessary in fixing the 
position of the shot holes, in order that the smallest 
number may suffice, thus saving not only explosive 
substance, but the time and labour of boring a large 


number of holes. 


The holes are drilled either by hand (ie. hammer and 
Kirills) or by a machine. Hand-drilling machines (figs. 
131-8) are generally employed; but often where th6 
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dvift is long and the stone very hard, machine drills, 
worked by compressed air or electricity, are used. 

The shots having been fired, the sides and roof are 
prepared for the reception of timber or other supports, 
great care being taken to remove all overhanging and 
loose ston(;a. 

149. Seciiring the Main Beads. — As the roads advance 
they usually re(|uire to be secured to prevent falls of 



Fi«. 07 -Set of 'J'uiiber (tcnucd in Worth of England a “ Fail of dears ”) 


roof and sides, and this is done by means of timber or 
by iron or steel girders, some parts, if necessary, being 
arched. 

150. Timbering. — The method of timbering depends on 
the nature of the roof, sides, and pavement. A full set 
of timber consists of three pieces, a crown (other names 
are crown-tree, collar, crofis-bar, or bar), and two props 
(also called legs, posts, or trees). The crown extends 
across the road and is supported by the props, one at 
each side of the road (fig. 97). The centre of the crown 
is the weakest part; and in order to reduce the span, or 
length of crown unsupported, thus enabling the latter to 
sustain a greater pressure before collapsing, the props are 
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placed as shown, a few inches inwards from the extreme 
ends of the crown, and with the tops inclined ,a little 
towards each other. Usually, on account of the nature 
of the roof, the crowns require to be lagged (§ 144 and 
fig. 97), and sometimes laggings are necessary at the 
sides also — between the props and the strata (fig. 98). 
In all cas(js care must be taken to see that the crown 
or laggings fit tightly against the roof, lest the latter 
settles down suddenly and displaces tlie timber. 



Where there is a danger of the props being pushed out 
by the strata, as when the use of side-lagging is neces- 
sary, the crown is notched and the tops of the props 
shaped to suit. Sometimes other means are adopted. 
Where the side pressure is very great a piece of wood 
termed a “strut” is placed between the props, under- 
neath the crown (fig. 98), thus effectually preventing 
them from being pushed inwards. 

Where the floor is soft the ends of the props are 
rested on an inverted cross-bar, and where it is hard, 
so that the prop is liable to be broken by the pressure 
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of the roof settling down on the crown, “ soles ”, “ sole- 
pieces i’, or “ sole -trees”, are used. These are small 
pieces of wood placed under the props; by yielding or 
giving way to the pressui-e they prevent the props from 
being broken. Instead of a sole-piece the end of each 
prop is som(‘tiines rested on a small heap of dirt placed 
in Jioles made in the pavement foi' the purpose. Also in 
some mines the props 
are tapered at the 
lower ends, the sharp- 
ened ends yielding 
to the pressure and 
“ iiuri-i.ig ” or “fuz- 
zing” ’’p, instead of 
the prop br(;aking. 

When the sides are 
hard, and the roof 
only needing support, 
the legs are dlspen.sed 
with, a hole being 
made in the one side • 
of the road and a 
groove in the other, 
and an end of the 
crown inserted into J!'iga.v»»,100.—“nuuble” or “street” Timbering 

each. This is some- 
times termed “ needling Where one side only is hard, 
“ half -needling ” or “ half -timbering ” (fig. 116) may be 
adopted, one end of the cross-bar being supported by 
the strata and the other by a prop. 

Figs. 99-100 show methods of “double-timbering” not 
much used in this country. They ar,^^ employed to resist 
heavy pressures. The horizontal pieces are lield in posi- 
tion by wire lashings until the supporting pieces have 
been got into their places. The crown, it will be ob- 
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served, is supported at its centre or weakest part. Some- 
times in wide roads, timbered in the ordinary manner 
with props and crown, a third leg is used to reduce 
the unsupported length of the latter. Other means are 
also adopted for the same jmrpose. 

Single props are likewise used to support the roof 
(figs. 101, 115). In this case a piece of wood, termed 
a “ lid ”, “ bonnet ”, or “ cap ”, is placed between the roof 
and the top of the prop. The lid, by covering a larger 
area of roof than would the top of the prop, spreads the 
resistance of the prop over a greater exteiit of surface. 
It is also compressed as the roof sinks dow^i, thus having 
the same effect as a sole-piece, or, to a smaller extent, 
of the tapering at the lower end of a prop. In setting 
props care must be taken to place the lid so that it bt‘ars 
evenly against the roof and to have the prop at the 
centre of the lid. A lid smaller than the top of the 
prop must not be used, as that temds to split the prop 
when the roof pressure comes on. Single props are 
used mostly in the working places of mines. 

151. Wood Pillars, Chocks, or Cogs. — These (figs. 110, 
136) are employed both in the main roads and working 
places. They consist of layers of wood built up from 
floor to roof, the timbers of each succeeding layer cross- 
ing those of the layer below at right angles. When 
intended for permanent use, as in the main roads, dirt 
is filled into the interior of the cog as it is built up, 
and pieces of rock material inserted into the spaces 
between the timbers. In the working places the cogs 
have often to be removed, and to facilitate this the 
bottom timbers are laid on a small heap of rubbish. 
When necessary to “ draw the cog ” the rubbish is first 
scraped out from below it. Cogs vary in size from about 
3 ft. square upwards. They are built of old pieces of 
wood, such as broken timbers, old railway sleepers, 
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and are capable of withstanding very gi'cat pres- 
sure. • 

152. Kinds of Timber Used in Mines. — The kinds of 
timber commonly used in mities are hr, pine, and larch. 
These are found to be well adapted for pit purposes. 
Fir and pine are imj)orted extensively from Norway 
and Sweden. In positions where great strength is re- 
(juired oak is employed, but it is expensive, and when 
in small pieces dillicult to shape. 

158. Preservation of Timber. — Timber in mines is liable 
to decay, and in order to prolong its life, and save the 
cost of labour, in constant renewals, it is sometimes sub- 
jected to certain kinds of treatment before being taken 
und'erground. Many different preservative methods have 
been tried, one being to .soak it in boiling water in which 
ccunmon salt and a substance called chloride of magne- 
sium have been dissolved. This is t(;rmed the Aitken 
process. Another method is that known as creosoiing. 
Ci'eosote is an oily, colourless liquid obtained from wood 
tar. It is forced into tin? pores of the wood intended to 
be preserved, the air b^ing hrst extracted. 

154. Iron and Steel Supports. — These are stronger and 
more durable than timber supports, and have in many 
instances practically .supersed(*d the latter in the main 
roadways of mines. In some ca.ses ii-on or steel girders 
are supported on wooden props or brick walls, while 
in others the props as well as the crowns are of steel 
(fig. 102). To prevent the props from being displaced, 
iron or steel shoes or chairs are used. These fit on 
to the top of the pi-ops, holding the girder in position. 
Sometimes other methods are adopt(‘d. lion and steel 
supports cost more than wood, ami consequently are 
less used in the working places where they would be 
liable to be lost. 

155 Arching Main Eoads. — Fig. 103 shows a method 
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of securing a main road by brick arcliing. The rooi 
semicircular in form, is built on straight side walls. 
This is a common shape, but sometimes other forms 



Fif,' - steel l‘i ops ami Sar 


are preferred. Arching is vtny expensive, and is only 
adopted where the pressure is great and the road diffi- 
cult and costly to maintain. Tlie thickness of the 
walling is from about 9 to 24 in. according to circum- 
stances. Sometimes where the 
floor is bad it is necessary to 
build the side walls on an “in- 
vert ” or inverted arch. N o hollow 
spaces are left behind the wall- 
ing (§ 150), and all timber used in 
FIs los-UndergmundAr,.). Supporting^ the strata while the 
arch is being built is removed. 
To help to preserve the arch when the pressure comes 
on to it, a lining of soft material, as sand, is placed 
between the walling and the strata. 
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. CHAPTER XXIII 

WOIIKING THE OOKL-iCwitinued) 

Methods of Working the Coal— Tlie Bord-and-pillai (or Stoop- 
arid -room) System — Cleat— Thrust and Creep 

156. Methods of Working the Coal. — Miners use the 
expression “ working tlie coal ” wlien referring to the 
exti-action of ilie seam. “ Method of working the coal ” 
means, then, the way or mode in which the seam is 
extracted. • 

Now th('r(‘ arc' two main methods or systems of work- 
ing’ coal. Their nannis are bord and pillar (called in 
Scotland stoop and room) and lomjwall. Otlun* names 
applied in England to the bord -and -pi liar system ai'e 
pillar and stall and post and stall. In Scotland 
the only t(irm used is “ stoop and room ”, and Scottish 
readers of this book should substitute that name for 
bord and pillar or oth^r English term. As already 
learnt (§ 1 39), “ stoop*’ is another name for pillar, as 
also is “ post “ Bord ”, “ stall ”, and “ room ” likewii^ 
mean one thing, namely, roads or working places driven 
in forming the pillars. The system known as “long- 
wall ” is termed so both in England and Scotland. 

157. The Bord-and-pillar (or Stoop-and-room) System.-— 
As implied by the name of this system, and as shown by 
fig. 104, the coal is extracted in tw'o stages or operations. 
In the figuie the rectangles represent pillars of coal, the 
narrow open spaces between being passages or roads. 
Now the roads must liave been driven at right angles 
to each other to form the pillars, ,^nd the coal taken 
out in the process represents the first portion of the 
seam excavated. Afterwards the pillars themselves 
are worked out (the part of the mine from which the 




Fig. 104.— Illustrating Method of following up “ Whole ’’ with “ Broken ” in Bord- 
and-pillar System of Working Coal, and the Ventilation of Uie Workings 

UirEReacK to Pmiu. Air currenU ■ » Boon, » Regulators, a. 
Stojtikg*. CauTM =(=: Wood =4= Brick or stone 

Flats or sidluKs in which the cools are brought by Putters 
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(,oal has been entirely extracted being called the goaf, 
fig. 1P4), and this constitutes the second operation in 
th(5 removal of the coal. 

We see then that the procedure in the bord-and-pillar 
system of working coal is simply this: driving roads or 
working places at right angles to eacli oilier tlirough the 
solid, thereby dividing the seam into pillars (first opera- 
tion); extracting the pillars (second operation). Driv- 
ing the working places through the solid coal is termed 
“the first working”, “working the whole”, or “ working 
the solid ”, while in contradistinction to this th(‘ exti’ac- 
tion of the pillars is known as “the second working”, 
“working the broken”, or “working the pillars”. In 
Scotland the extraction of the pillar’s is always r*eferred 
to as “ stooping ”. The goaf, also termed gob and waste, 
is filled with fallen roof-rock. The pillars are to support 
the pressure of the strata above, and after the coal has 
been worked out, it would be impossible, c\’en if de- 
sir-able, to keep up the roof, and so. as the pillars are 
gradually extracted (in fJhe way presently to be shown), 
the timbers used to sif{3port the roof are withdrawn and 
the rock allowed to fall. 

158. Sizes of Pillars. — It will be noticed that the places 
in the first woi’king are very narrow in relation to the 
dimensions of the pillars. This is because only from 
about 8 to 30 per cent of the seam is taken out in the 
first working, the remainder being contained in the 
pillars. The excavations in the first working may be 
2, 3, 4 or more yards in width, while the pillars may 
be as much as 00 yd. square, or even more. Now ex- 
tracting the pillars is really very dangerous work — 
much more dangerous than working the solid coal — 
and therefore it might be thought that it would be 
better to take out more of the coal in the first work- 
ing and leave smaller pillars. The result of that, how- 
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ever, would probably be that a large proportion of thu 
seam would require to remain unexcavated, and that 
would be a great loss to everyone. In the early days 
of coal mining the pillars were made smaller, but tlie 
miners then did not attempt to extract them. They 
merely took as much coal from each pillai’ as they 


izxxieif! 
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I'lg 105 - Pliiii of Coal Miiif, Hhowiiig “Robbed" Pilbu-8 


could with safety (termed “robbing the pillars”, fig. 
105), leaving the remainder unworked. In modern 
times, with our more advanced mining methods, these 
old workings have in many cases been opened up, and 
the best of the “ robbed pillars ” taken out. It is from 
the pillar workings, then, that the larger part of the 
output in the bord-and-pillar system is obtained, but 
the pillars are made large because it is necessaiy to 
do so. The actual size depends on many things — depth 
from surface, &c. — as in the case of the shaft pillar, 
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c.nd iH a matter of experience, the dimensions varying 
in diperent seams. In shape the pillars are square or 
rectanf^ular, and some actual sizes are 20 yd. square, 30 
by 20 yd., 30 yd. scjuare, 40 by 30 yd., 44 yd. square, 
50 yd. s(]uare, &c. 



5TAGF 

Fig lOG. -Diagram of “Creep” in a Seam with a Hnnl Roof and Soft Floor 


159. Thrust and Creep. — In fixing the size of the pillars 
endeavours are made to guard against thrust and cvee'p. 
Thrust occurs when the pillars are small and the roof 
and floor hard. The pressure of the strata above being 
greater than the pillars are able to withstand, the coal 
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is crushed between the roof and floor. Other appro- 
priate names are crunh and sit As tlie result of thrust 
the coal may be rendered unmarketable. 

Creep is a gradual upheaving or rising of the floor 
whereby the timber is broken and the roadways ulti- 
mately choked up (tig. lOG). It occurs where the floor 
is soft, the pressure of the roof on the pillars forcing the 
.soft material into the roadways. 

In some seams it is very difficult to prevent creep. 
Its occurrence is assisted by the presence of water. 
Once begun it is almost impossible to stop it. The 
result of creep may be tlie entire loss of^the coal, and 
in any case it greatly adds to the difficulties and cost 
of working. 

160. Laying out the Workings.— By this is meant the 
method of arranging the workings for the extraction 
of tlie coal. Some definite plan or procedure must be 
followed. From fig. 104 it will be seen that the work- 
ing places in the solid coal are started off* the main roads, 
and one method of laying out^the workings is to con- 
tinue the solid jilaces right through the seam until the 
whole of the latter has been formed into pillars. The 
pillars are then taken out, beginning with those farthest 
from the shaft. Another plan, very often adopted, is to 
begin the extraction of the pillars, a safe distance from 
the shafts, soon after they have been formed. In this 
second way the work of removing the pillars follows 
up the first woi’king (fig. 104), and the method is there- 
fore termed “ following up the whole with the broken 
It has great advantages over the system in which the 
extraction of the pillars is not commenced until all the 
solid places have reached the boundary, the coal being 
got in better condition and with less trouble and ex- 
pense, and the supervision and ventilation of the mine 
simplified. When the pillars stand for a large number 
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(sf years, as they must do where all the solid places are 
first (Jriven, the coal becomes much crushed by the weight 
of the roof, and the roof itself broken down in many of 
the stalls. By following up the whole with the broken 
there is not time for these things to occur to the same 
extent; besides, the mine workings extend over a smaller 
area. 

When the pillars are taken out, the roof-rock, as we 
have seen, is broken up, falling and filling the waste, 
and, where the whole is followed up by the broken, care 
has to be taken to keep the second working a safe dis- 
tance behind ^the solid places and not to take out pillars 
too n(‘ar the main roads. 

In a third arrangement, termed the panel system, the 
mine is divided into “panels” or “districts”, one panel 
being separated from another by thick barriers or “ribs" 
of coal. Thus we see there are three plans or arrange- 
numts by which the workings in the bord-and-pillar 
system may be found to be laid out. The panel system 
was introduced about tlA3 beginning of the last century 
by Mr. Buddie, a celebrated mine overseer. 

161. Driving the Places in the Whole Coal. — The places 
in the first working are driven in the same manner as 
the main roads, the coal being holed and spragged, then 
taken down, and the roof secured with timber. In holing 
the coal, hand labour or coal-cutting machines are em- 
ployed. Generally, in breaking down the coal, explosives 
are neces.sary, these being used in the same way as we 
learnt in connection with the main roads, sumping shots 
being fired or the sides nicked. In securing the roof 
full sets of timber may be required, with, in addition, 
props and lids at one or both sid^s, according to the 
width of the place and the nature of the roof. In some 
cases only cross-bars and props are necessary, while in 
others props with lids may be suflScient. In others 
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again, especially where the places are narrow, timber- 
ing may be unnecessary. Generally, however, timber 
of some description is required, and in every instance 
the place must either be safe or made safe, every pre- 
caution being taken to guard against accident. (See 
chap. XXV, ) 

162. Cleat. — In working the coal, account is taken of 


CLEAT 



Fig 107.— To illustrate Direction of Face with reference to Cleat 


the “ cleat ”. This, it has been seen (§ 104), is the name 
given to the better developed of the two sets of natural 
joints or planes of division found in coal, the term “face” 
being also used and the term “ end ” applied to the less 
perfectly developed set of fissures running at right angles 
to the cleat. When, therefore, the working face is (1) 
advancing parallel to the main cleat (fig. 107), the coal 
is said to be worked “ on the face ” (other terms are “ on 
the plane ” and “ on the back ”); (2) if at right angles 
to the cleat, that the coal is being worked “on end”; 
and (3) if at an angle of 45 degrees with the cleat, that 
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t]*e coal is being worked “ half-end ”, “ half-plane ”, or 
“half-pn”. The coal is worked most easily “on the 
face ” or “ plane ”, hence in the bord-and-pillar system 
the places are sometimes made wider in that direction, 
and narrower “ on end ” (see next paragraph). Also 
the places going “on the plane” are sometimes driven, 
a longer distance than thos(‘. “ on end ”, thus making 
the pillars longer in the direction of “ on the plane 
163. Bords, &c. — In the second paragraph of the pre- 
sent chapter “bords”, “stalls”, and “rooms” were de- 


scribed as “ roads or working 
places driven pi forming th(‘, 
{)i liars ”. These terms have 
not been used since, becau.se 
they are purely local names, 
and also because bords are 
the roads or working plac(‘s 
driven in one direction only, 
other names being given to 
the excavations at right angles 
to the bords. We arc lAiw in 



Kiu 1(JK — WoikiiiK riuces in Kin d 
and-pillai’ 8>»tern 


a position to understand that , 

the bords are the working places driven “ on the face ”, 
the terms heading,^, headway or walls being used to 
denote the excavations at riglit angles to the bords or 
“on end” (fig. 108). Often the direction of the bords is 
referred to as “ bordways ”, “ bordway course ”, or “ bord- 
way direction ”, and that of the headings as “ headway 
course”, &c. Bordway direction, then, is the direction 
m which the coal is most easily worked (preceding para- 
graph), hence the bords are usually made wide, 4 to 5 or 
more yards, though sometimes narro\v, the headings or 
wallings being about 2 yd. in width. Where the cleat 
IS not well developed the headings may be of the same 
width as the bords. 


(C l.'iS) 
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A atenton is a passage driven between two roads foB 
the purposes of ventilation, and “ cross-cuts ”, as shoyrn in 
fig. 108, are excavations driven at an angle to the bords 
and headways. 

164. Extracting the Pillars. — A pillar, it might be 
thought, would be extracted in one operation, beginning 



Fig. 109.— Extracting tlie iHllai's 


at one side and gradually excavating the whole mass. 
This is sometimes done, the waste being filled up, or 
packed ” as it is called, with rubbish. Extracting the 
pillars in this way is termed the “longwall method”, and 
will be better understood when we have learnt about 
longwall. It is not a method that can be always easily 
applied, and so the more general way is to take out the 
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l^illar slice by slice until it 
has been entirely removed 
(ti^. 1 09). The slices thus cut 
away are termed lifts, cuts, 
ov juds. The width of a cut 
may be as little as 8 ft. or 
more than 6 yd. It depends 
on local conditions, such as 
the nature of the roof, &c 
One lift only may be r(‘- 
moved at one time, or two 
kept going simultaneously 
on difterent sides of the 
pillar or otherwise, as may 
be considered best. The 
exact method of extracting 
the pillars depends on the 
circumstances; and difterent 
methods may be found in 
operation in the same Col- 
liery. In every case* it is 
desirable to have the lifts as 
short as possible, and to se- 
cure this large pillars are 
sometimes divided, or “split” 
as it is termed, by driving 
places through them, the 
smaller pillars thus formed 
being then removed in slices. 

The last portion of the pillar 
IS the most dangerous to remove, and requires to be 
extracted as quickly as possible, tke roof being very 
strongly timbered. 

165. Timbering the Lifts — Drawing the Timbert. — In 

driving the lifts, the waste being on one side, it is plain 



Fig. no.— Section across a Lift in Broken Workings 
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that the roof must be well timbered (hg. 110). A large* 
number of crowns and props, and props with lid^, is 
required. Cogs are also sometimes necessary, being built 
either only at the start of the lift (one on each side of 
the tramway), or in a row on the side of the tramway 



Fig 111.— “Hardy ' Tit Prop-puller. The prop marked x x x Is to be withdrawn 

next the goaf. Sometimes, instead of the row of cogs 
along the edge of the waste, dry stone walls are built. 
The tram rails are, of course, laid as the face of the lift 
travels forward. 

When the lift is finished the tram rails are removed 
and the timber withdrawn. Sometimes the timber is 
not withdrawn until the completion of the following 
lift (fig. 109). It is taken out with the twofold object 
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of saving it for further use and allowing the roof to 
fall*(§ 157). Drawing the timber of a lift is very dan- 
gerous work, and requires the greatt^st care and skill 
on the part of the operators. 

The timl)er lu'arest the edge of the goaf is fii'st re- 
moved. The operator may use an appliance termed a 
“ j)rop-puller as illustrated in tig. Ill (another appli- 
ance is the “Sylvester Prop-witlidrawer ”), but the more 
gimeral imithod is, if mau'ssary, to cut away the prop at 
the top or bottom with an axe, and then knock it out 
with a hammer provided with a 
long handle? The long handle en- 
ables the miner to stand under tlu‘ 
crown of an adjacent set of wood, 
out of the way of the falling debris; 
but the whole operation is, never- 
theless, a very dangerous one. For 
recovering the timber after it has 
been knocked out, a tool, consisting 
of a long rod with a handle at one 
end and a spike at the other, there being a hook near 
the spike end, is used. This tool, sometimes called a 
“jobber”, is also used for pushing or knocking out the 
timber. 

For drawing out the timber an appliance called a 
ringer and chain (other names are dog and chain and 
gablock and chain) is also employed. This (fig. 112) 
consists of an iron rod or lever about 6 ft. long, having 
a curved end, near to which a chain is attached. It is 
used as shown, the hook or fulcrum end of the lever 
pressing against the fast prop as the lever handle is 
pulled back. The “ Sylvester Pit)p-withdrawer ” and 
“Hardy Prop-puller” are improvements on the ringer 
and chain. They can be used for other purposes besides 
drawing out props. In fiery mines great care has to 



Fig 112 —Ringer and Chain 


a, Lever; b, fixed prop 
used as fulcrum; c, prop 
with chain around to be 
withdrawn 
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be taken in drawing the wood, as firedamp may be eon^ 
taincd in the waste and forced out into the workings 
when the roof falls. 


CHAPTER XXIV 

WORKING THK {Continued) 

The Longwall Method— Comparison of Bord and Pillar (Stoop 
and Room) and I^ongwall — Single and Doulilu Stall. 

b 

J66. The Longwall Method of Working. — In this system 
the coal is taken out in one operation, not in two as in 
the pillar-and-stall method. In one application, called 
longwall retreating or longwall 'working home, roads 
are driven right through the seam to the boundary and 
the coal worked back towards tlu^ sliaft. Thus the goaf 
or waste is left behind, each day .seeing the working 
places a stage nearer the shaft bottom. This method 
is, however, seldom adopted. The* driving of the roads 
through tlie seam adds to the cost of starting the col- 
liery, and the more general wey is to begin the extrac- 
tion of the coal as .soon as the .shaft pillar has been 
form(!d, the workings thus advancing from the shaft 
pillai’ to the boundary, and each day seeing them farther 
away from the shaft bottom. The goaf or waste is thus 
between the working places and shaft pillar. This is 
known as lovgwall advancing or longwall worldng 
away (fig. 118). 

167. Longwall Advancing. — The driving of the main 
roads is proceeded with, and off these, as they advance, 
the roads for the excavation of the coal are started 
(fig. 118), The latter roads, thus leading into the coal- 
face, are termed “face-roads” and “stall-roads”. They 
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'are also called “ side-roads ” and “ gob-roads ”, the latter 
nani^ being used because the roads pass through the goaf 
or waste. In England the term “gate-ways” or “gate- 
roads” is also used, the main gate- ways being sometimes 
called “ mother-gates 

The seam is opened out into long “ walls” or “ faces”, 
these being divided into shorter “walls”, called also 



Ifig, n.S,- Ilhistmtlng Lotisrwnll advanrlnir with straight and stepped faces, 
sli.ift )>illni, and veiitilatKiu 


D, Downcast shaft, _ji U, Upcast shaft; Air currents; 

o , 'N eoU doors ■■ Air crossing; I— — t Uonvaa doors. 

t — I — r Uateways, lines indicate the packwolls of stone. 


“ stalls ” and “ places In each place two or more men 
work, and to each place there is a separate “ face-road 
(See top and sides of fig. 113.) The pressure of the 
roof or “ weight ” might be too gyeat if the face were 
in a long straight line, and the places may have to be 
“stepped”, that is, one kept a certain distance in advance 
of another (see bottom of fig. 113). 
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The distance between the face-roads depends on the 
thickness of the seam and otlier conditions. Whqfe the 
height is sufficient the tubs are sometimes taken along 
the face (fig. 114). Where it is not, the coal is “thrown” 
to the “ road-head” and there put into the tubs (§ 173). 

As the face-roads become long(‘i’, owing to the excava- 
tion of the coal, they are cut oil’ by oth(*r roads called 
“slope-roads”, “cross-roads”, “ ci-oss-gates”, &c. These 
1 ‘educe the distance the coals liave to be drawn and 


OF LONCWALLl 


the length of roads to be kept open (see toj) and bottom 

of fig. 113, the dotted 
liiKis sljow roads cut 

■ fi'i !"i i[ 0 : n'T"r . 

roads are earned ior- 
/. ^/// ward from the cross- 

gJ; '/ roads — or cross-gates, 

’ and will be cut 

w', cross- 

roads wlicn they be- 

Fig. 114 -Longwall, Plan showing Packs, &c,, j.. 

and Tramroad laid along Face to get toO long. 

« The coal being all 
taken out as the faces advance, something has to be put 
in its place to support the roof. For this purpose packs 
or buildings are employed (figs. 114, 116), props, and 
sometimes chocks also, being used as temporary sup- 


Fig. 114 - Longwall, Plan showing Packs, &c,, 
and '1'raniroad laid along Face 


ports. 

The packs or buildings are stone pillars. In putting 
them in, dry stone walls are built along each side of the 
road, from floor to roof, and also along the face, and 
the space inside filled up tight (figs. 114, 116). Usually 
the pack- walls do not extend from road to road; the 
space thus left is stowed with rubbish. 

The material for building the packs is obtained by 
blasting down the roof of the road-ways (termed rip- 
ping or brushing) for a thickness of several feet 
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(fig. 116) or forcing up the floor, whichever is most 
sui talkie in the circumstances. The rubbish produced 
in the excavation of the coal is also utilized; and in 
some cases material has to be brought from the surface 
or from another part of the seam In building the 


face pack - wall a 
suflicieiit space is left 
between it and tlm 
coal to enable the 
miner to work fnsdy, 
and as the coal is ex- 
cavated and |he face 
travels forward the 



Kik 110.- Section across Face of 5-ft Seam 


temporarjT' suppoi’ts worked l>y LongM’all 

are set up. Then an- 
other pack is built, and so on, the packs thus forming a 
continuous line (fig. 114). The operations of blasting the 
roof or floor and building the pack-walls are done after the 
coal -getters have ceased work. The blasting of the roof 
or floor in the roads givtfs height for the trams, but the 
roof soon presses 
down the packs 
and may break the 
timber in the road- 
ways. The packs 
therefore have to 



be made as solid 
and strong as pos- 
sible. 


Fig 116 — Face-rond (or Gate-way, Ac ) with Roof 
ripped down to make Height 


The coal is removed in the way already learnt, the 
weight of the roof assisting in breaking it down, and 
in many cases rendering the use of ^explosives unneces- 
sary. The greatest aid is obtained from the action 
of the roof when the coal is being worked “on the 
face” or “plane” (§162), but this direction may result 
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in much small if the coal is soft, and working “on the 
end” may be necessary. Where both sets of diyisional 
planes are good, and the coal soft, “half on” may be 
most suitable, and tliat may be the case also if the 
seam is steep, or the cleat not well developed. Thus 
the direction of the face is influenced both by the cleat 
and inclination of the seam, and is in all cases chosen 
to suit the conditions. For the holing of the coal coal- 
cutting machines are often employed, and in thin seams 

coal conveyors (§ 173) 
are sometimes used, 
these carrying the coal 
along the face to the 
roadhead and discliarg- 
ing it there into the 
trams. 

IGS. Comparison of 
Bord and Pillar and Long- 
wall. — From the descrip- 
tion of these two sys- 
vin 117- Single stall woikitifj Veiiis it will be seen that 

the longwall method is 
simpler than the bord-and-pillar. It is also safer than 
working the broken, and the mine is more easily ven- 
tilated. It is, however, not suitable in every case, and 
the bord -and -pillar or other system has to be adopted. 

169. Other Systems. — Besides the bord -and -pillar and 
longwall systems other modes of extracting the coal are 
in use. Special measures require to be taken for the 
excavation of steep seams, of seams close together, and 
also of very thick seam.s. In South Wales systems 
called single- and douhle-stall (tigs. 117, 118) are in use, 
while a method practised in the working of the Ten 
Yard Coal of South Staffordshire is known as square 
ivork. 
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•[n single- and double- si all, headings (the roadways 
running to tlie top of figs. 117, 118) are driven off the 
levels at intervals of 100 or more yards. The stalls are 
set away oft the headings, a pillar or rib of coal being 
left between each pair. After the stalls have advanced 
as shown, the coal on each side is opened up and the 
pillars worked back towards tht; headings. Packs are 
formed in tlu^ middle of each stall. 


In single stall, it will be seen, a singh' road is started 


oft the heading and th«m 
opened out to form the 
stall; in doubU stall two 
roads are driven oft the 
beading and the stall 
formed by connecting 
them. The coal left be- 
tween the stall and the 
heading is to protect the 
latter, and is removed 
after the ribs have been 



worked out. In fig. llT pij, us -Doublc-stall working 

each stall is seen to be 


joined to the one next it by a small passage parallel to 
the heading. I'his is for the air to pass from one stall 
to the other. In double stall the air passes to the face 
by one road and out by the other. 

Sometimes in single stall the stalls are not set away 
right and left from the headings as shown in fig. 117, 
but only from one side, being then driven to within a 
few yards of the next heading, and sometimes, both in 
single and double stall, no pillars are left next the 
headings. Instead of each pair of pleadings shown in 
the figures a single wide heading is sometimes driven, 
the centre being packed in the same way as the stall. 
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CHAPTER XXV 

WORKING THE COAL- {Conti nved) 

Coal-cuUiiig Macliine»—Un(l»‘i ground Coal Conveyors — 
Approaching Old Workings — Timhcnng. 

170 Tlu' jAvscnit cliaptci- is tho last, on “Working the 
Coal”, and tlui! first subject to be studied is Coal-cutting 
Machines. These, we liave seen, are sometimes used in 
place of liand labour for under-cutting tlus coal. Tliey 
are of dith'rent types, some (ternusl generally “ heading 
machines”) being adapted for working in narrow places 
such as levels and headings and the solid workings in 
the bord-and-pillar system, and others (called generally 
“ longwall machines”) for holing the coal at longwall 
faces. 

I7l. Heading Machines.— Heading machines are of 
different forms, one, called the Stanlnj, designed for 
driving roads, di.spensing with holing, and others holing 
the coal and shearing the side^, and even, if required, 
^boring holes. 

The Stanley heading machine is what is known as 
a rotary machine, the “cutter” or “boring head” being 
made to revolve and cutting an annular groove in the 
coal as we saw is done in diamond boring. The solid 
coal is afterwards broken out by the aid of wedges. 

Radial (fig. 1 1 9, p. 1 50), Siskol^ Little Hardy, and Little 
Diamond are names of 'percusdve heading machines. 
These machines are used in the working places of the 
bord-and-pillar system as well as in the driving of roads. 
They are also sometimes employed in conjunction with 
longwall machines. They are worked by compressed 
air, the operator directing the cutting bit in a horizontal 
direction when holing and in a vei-tical direction when 
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slietiring; the cutting bit is also advanced as required, 
A large, number of blows is struck per minute. 

Some percussive machines arc mounted on wheels or 
on a special carriage, sometimes, therefore, rciceiving 
tlu* name “ wheel machines The machines named in 
the preceding paragraph are attached to upright exten- 
sion rods 01 - standards (fig. 119) and are accordingly 
sometimes termed “stand” machine.s. By means of the 
upright column the macliine can b(^ fixed at any height 
between roof and pavi'inent, thus enabling it to hole at 
tlie level required, such as in a band of stone in the 
seam, and also (p nick the sides. Another class of head- 
ing machine is known as the chain mach ine — referred 
to under “ Long wall Machines”. 

Lads are sometimes employed to work heading 
machines and must study the particular machine well, 
mastering tlui details, and carrying out faithfully all 
instructions. The person or pen'sons in charge of a 
maclnne and the machine its(!lf really form one whole, 
the person being the braiif and the machine the hands, 
HO to speak. The “ brain ” therefore has to be ever on 
tlie alert to assist the “hands”; and has to take pride in 
helping the machine to do the best possible work. 

172. Longwall Machines. — Longwall coal-cutters are 
now very common. As in the case of heading machines 
they are of several forms, namely, iHsc machines, bar 
•machines, and chain machines. 

Disc Machine. — This is the commonest type of long- 
wall machine. Cutters are fixed at intervals round the 
outside edge of a horizontal disc (fig. 120). The mechan- 
ism causes the disc to revolve, thus undercutting the coal. 
The disc, then, is like a large horiz(^ital circular saw 
working under the coal. 

Bar Machine. — The Hard machine, now called the 
Pick-Quick, is an example of this form. A tapered bar 
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(fig. 121) takes the place of the disc in the latter elites 
of machines. The bar has a spiral thread running along 
it and the cutters are set on the thread or between, 
according to the width of holing required. It is made 
to rotate, thus undercutting the coal. Besides rotating, 
the bar has a to -and -fro movement — in and out of 
the cut. 

Chain Machines . — In this form an endless chain is 
used instead of a disc or bar. The cutters are fixed to 
the chain, which is made to circuit under the coal. 

As mentioned under “ heading machines ”, chain 
machines are also used in narrow places, bpt the arrange- 
ment is necessarily difierent from that of longwall 
machines, the part carrying the chain forming a con- 
tinuation of the machine and being made to move for- 
ward as the undercutting is done. One such macliine 
is the Jeffrey. When one part of the face has been 
undercut the machine is shifted and another part 
commenced. 

Longwall maciiines propel Vliemselves along the face 
as they undercut the coal. For this purpose a rope 
passes from the machine to a pulley fixed some distance 
ahead, thence back to a small drum on the machine. 
The machine works the drum, coiling the rope on to it, 
and thus drawing itself forward. The rate of movement 
along tlie face is regulated to suit tlie nature of the 
undercutting. The machine travels along the face on 
rails, skids, or sledges. When it reaches the end of its 
journey it either cuts back again to the other end of the 
face or is “ flitted ” (as it is termed) back to the starting- 
point. Some machines are driven by electricity, others 
by compressed air. Special arrangements for timbering 
suited to the circumstances are required where coal- 
cutting machines are used. As the machine travels 
forward the coal is spragged; afterwards the sprags are 
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removed and the coal either falls or is taken down and 
put in^o hutches. For undercutting with machines the 
conditions must be suitable. 

173. Coal Conveyors. — These are simply meclianical 
appliances for carrying the coal along the face to the 
roadhead and delivering it into the tub. As we saw 
in the preceding chapter, tliey are used in thin seams 
worked by tlie longwall method. When the coal has 
been taken down aft(jr being holed b}^ machimi or hand, 
it is loaded on to tlu' conveyor, which conveys it as 
stated. The conveyor is moved forward with the face. 
As in the casg of coal-cutting machines conveyors can 
only be used under favourable conditions. Where they 
can be employed they enable the face-roads to be driven 
at greater distances apart. 

174. Approaching Old Workings. — Sometimes mine 

workings, in one or other of their many raniihcations, 
approach some place or places containing such a quan- 
tity of water that if it were to enter the mine suddenly 
the result would probably be disastrous. To guard 
against this as much* as possible certain precautions 
are rendered compulsory by the Coal Regulation 

Act (G.R. 13). The “place” containing the water may 
be an abandoned working, the parts of which that are 
not closed by falls of roof Iiaving become filled up by 
water percolating through the rocks. 

Fig. 122 illustrates tliis. On the left are the mine 
workings, and somewhere in front is the place (old 
workings) containing the water. Either one or two 
exploring drifts are driven in the direction of the old 
workings, or place containing the water. Where there 
are two it is in order that the ne^'.essary ventilating 
current of air may pass in by one and out by the other, 
hence they are connected at intervals (figs. 122, 150), 
the air travelling along the connecting passage from 
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the one to the other. Where there is only one drift 
a partition termed a brattice (figs. 123, 150) is some- 
times erected, the air passing in by one of the compart- 
ments thus formed and out by the other. Sometimes 
the position of the old workings is not known with 
certainty, and great care has then to be exercised. Two 

drifts are not com- 
menced unless the old 
workings are some 
distance, off. 

The boreholes are 
to ensure that the ex- 
ploring drift or drifts 
shall not unexpec- 
t(*dly hole into the old 
workings, and that 
when the water is 
tapped there shall be 
a barrier of coal of 
sufficient thickness 
between the place 
containing the water and the drift. The actual thickness 
oi barrier necessary depends on the pressure of the 
water and the nature and thickness of the coal, and 
the hole near the centre of the workings may there- 
fore be kept in advance as much as 18 or 20 or more 
yards. 

The borehole in front is generally called the “ straight- 
on” hole, and the flank or side holes are sometimes 
termed “slope-holes”. The latter are bored at intervals 
of about 2 yd., the direction of the hole making an angle 
of about 45 or 30 degrees with the centre line of the 
drift. Both flank and straight-on holes are about IJ 
or 2 in, in diameter. 

When the pressure of water is great and the old 
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workings near at hand, only one drift is sent forward, 
side holes being sonietiiiKis bored at right angles; addi- 
tional* straight-on holes may also be necessary (fig. 123). 

Otlier preeantions are observed. The lengths of the 
borelioles must Ixi cliecked by means of measuring rods 
prepai-f'd for the purpose', and tapered dry plugs for 
closing tlie liole when tlie water has been tapped kept 
convenient. Driving a plug into the hole is difficult 
where the pressure of water is great, and the boring is 
is therefore sometimes done through a pipe wedged into 



Fig 123. -single Diift 


the hole. This pipe has a vajve which can be closed 
when the bore-rods have been withdrawn. Sometimes 
a special safety boring apparatus is used in which means 
are provided for the shutting off of the water when this 
has been struck. 

Then only safety lamps must be used, as gas may 
be given off with the Avater, or the old workings may 
contain a dangerous accumulation of gas or gases 
instead of water. A spare safety lamp has to be kept 
burning a safe distance off, as the ones in use by the 
borers may be extinguished by a sudden burst of water 
or gas when the ground between the^ drift and the old 
workings has been pierced. For exploring work such as 
this very great caution is required on the part of the 
workmen. They must carry out all instructions care- 

(CIM) 13 
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fully, and be constantly on the lookout for indicatio&s 
of water, or increase of amount, and for signs of gas. 

175. Timbering. — The subject of supporting the roof 
and sides has already been well considered, but is of 
BUch great importance to a miner that one or two other 
things must be noticed here. In the mines of Great 
Britain far more accidents occur from falls of roof 
and sides than from any other cause, and there can 
be no doubt that with proper care many such accidents 
could be prevented. Thus many happen through delay 
in setting up necessary timber. The miner, being en- 
gaged in some work and not apprehending any imme- 
diate danger, thinks he will set up the prop, or do 
what is necessary by way of securing his safety, “in 
a minute”; but it is in that minute that the accident 
occurs. Or perhaps the miner forgets about the matter, 
and later on something happens which results in injury 
to others as well as to hiniself. 

It is hoped that the young pitman who has had the 
matter brought before his notice will not be guilty of 
such fatal “putting oft'”, and will severely condemn it 
]r others, thereby doing much towards securing greater 
safety in mines. Sprags and props must be set up 
whenever re(juired, no useless risk run, and everything 
done which will tend to secure immunity from accident 
(see also G.K. 21). 

Great care and skill are necessary in setting up timber 
or other supports. Sprags must be placed so that they 
will support the coal without chance of falling or being 
pushed out, the tops or lids of ordinary or under sprags 
bearing properly against the coal, and the lower ends 
fixed in such a way as to prevent skidding. On ordinary 
props the lids must be placed so as not to injure the 
props (see also as to the packing, &c., of crown -trees, 










WORKING THE COAL 


179 


* In propping tlie roof in inclined workings the posts 
iii*e n«t placed at right angles to roof and floor, as is the 
case in flat workings, but with the top inclined slightly 
uphill (flg. 1 15). This is because the roof tends to move 
downhill, and the props are thus carried into the position 
in which they are tightest or give most support to the 
roof. If the prop is placed at right angles to floor and 
roof in the first instance, it is moved into a position 
in which it gives less support to the roof, or is forced 
out 

Miners test the roof by tapping it (sometimes termed 
“ jowling’^ it)* with the flat part of a pick or a hammer 
or axehead (flg. 124). If it gives out a clear ringing 
sound it is considered “good”; on the other hand, a dull 
lieavy sound indicates that it is “bad”, and needing 
support But a “good sound” cannot always be de- 
pended upon as implying that the roof is not likely 
to fall; indeed, it is through relying on this that many 
accidents have occurred. , The roof often contains “slips”, 
and these may cause ^it to drop down, although tested 
satisfactorily but a short time before. Slips, joints, 
and breaks must then be carefully looked for in addition 
to tapping the roof. Sometimes, however, it is quite 
impossible to see the slips until after the roof has come 
down, and accordingly the timber has to be placed so 
as to guard against these. It should be borne in mind 
that a good strong roof is often “treacherous”. 

It is in view of the difficulties in connection with 
secuT-ing the roof that what is known as systematic 
timbering has been recommended — the setting up of 
timber at fixed distances apart, and according to definite 
rules, the roof thus being supported in a regular way 
as the coal is taken out. 

In connection with joints in the roof these sometimes 
coincide with the cleat of the coal, and, if close together, 
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and the coal worked “on face”, may render th(j roof 
dangerous. 


CHAPTER XXVI 

SOME CHEMISTKY AND PHYSI(\S 

Matter — Molecules— Stales ot Matter — Expaii.siluhty and 
Comjjressibility of Gases— (Jcneral Etreets of Heat - -Thernio- 
nieter— Transmission of Heat 

In the pres(‘nt and tlirot' succeeding chapters tliere 
must be considered certain things a knowledge of which 
is necessary to the proper understanding of “ Explosives 
and Blasting” and “Tlie Oases Found in Mines”, the 
subjects which naturally follow “Working the Coal”. 
Meanwhile, with regard to the general title of the 
chapters, it may be .said tliat Chemnstry and Phyaics 
are scitmces — what they treat of will be stated in 
chap, xxviii. 

176. Matter. — The first thing, tiien, of which we must 
aQ']uire some idea is matter. Matter is defined as “ that 
with which we become acquainted by means of our 
senses”. Thus everything which we can see, feel, hear, 
taste, or smell is matter. An apple is matter because 
it appeals to ail our senses; water is matter because we 
can see, hear, and feel it; and air is matter because we 
can feel and hear it. Everything, then, w’hieh affects 
one or more of our senses is matter. It is not possible 
to say what matter is, further than this — simply that 
everything on the earth (including the air surrounding 
it) consists of matter. Other names sometimes used for 
matter are stuff and substance,. 

Body . — Often in speaking of things, as, for instance, 
an apple, water, air, &c., the term body is used. Body 
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jast means “ some matter”, or “ a piece of matter”. Thus 
tlie j^ir, tlie earth, a stone, a piece of metal, &c., are all 
“ bodies”. 

Molectilef <. — Jf we take any body, such as a marble, 
for exam[)l(', and break it up into powder, we term the 
component parts of the powder particles. Now a mole- 
cule is the smalh'st particle of matter that can exist 
separately 

No one ever saw a molecule, and no one ever can, not 
even with the most power-ful microscope, so small is 
it. Thus soiiH^ of the particles into which we have 
divided the i^ai-bie may be so hue as to necessitate the 
use of a microscope to rendcm them visible, yet the 
smallest of them would be much larger than a molecule. 
Nevertheless ev(U’y kind of matter is believed to be 
made up of molecules, scientists having come to this 
conclusion fi'oin th(i evidence afforded by matter itself. 

What we have to bear in mind Iutc, then, is that all 
matter is made up of minute particles, called molecules, 
and that however finely we may divide a body there 
will always be a lafge number of molecules in the 
finest particle we have produced, molecules being ^,so 
small as to be invisible even under the most powerful 
microscope known. 

177. The Three States of Matter. — We have taken as 
examples of matter an apple, water, and air. Now an 
apple is termed a solid, water a liquid, and air a gas, and 
as every kind of matter is either a solid or a liquid or a 
gas, we say that matter exists in three distinct condi- 
tions or states. An apple, then, is an example of matter 
in the solid state, water of matter in the liquid state, 
and air of matter in the gaseous stede. Other examples 
of solids are iron, stone, and wood; of liquids, oil, milk, 
and treacle; and of gases, coal gas, hydrogen, oxygen, 
and nitrogen. It will be seen in a future chapter that 
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air is not one gas, but a mixture, principally of oxyge;i 
and nitrogen, with small amounts of other substances. 

General Differences between Solids, Liquids, and 
Gases. — It will now be well to observe how bodies in the 
one state differ generally from those in another state. 

Bodies in the solid state, then, or solids, we can see, 
have a definite size and shape. Having a definite shape 
means that the molecules must continue to occupy the 
same relative position. If wo wish to separate the 
molecules, or, in other words, break up the solid, we 
notice that wo cannot do so without using a certain 
amount of force. With some solids, such as stone and 
iron, a great deal of force i.s necessary. Then, when 
the solid has been broken up, tin; parts remain separate. 

It is altogether different in tlie case of bodies in the 
liquid state, i.e. liquids. A liquid resembhvs a solid 
only in that it has a definite size. It has no definite 
shape, as we can show by pouring wabu* into bottles 
or vessels of different shapes, the watei* in every case 
adapting itself to tl\e form of the bottle or vess(3l. Then 
we can very easily separate the anolecules of a liquid, 
merely, for example, by passing our finger through the 
substance. As we move our finger through the liquid 
the separated particles rejoin. Clearly, then, the mole- 
cules of a li(juid do not occupy any definite relative 
position like those of a solid, but simjdy roll or slide 
over each other when the li(juid is disturbed. The 
surface of a li(|uid at rt‘st, we should notice carefully, 
is horizontal, thus distinguishing it from particles of 
solids, such as sand, whicli can also be poun;d into a 
vessel. 

A liquid which is thick, like treacle, is termed viscous 
or viscid. Some substances, such as jelly, are neither 
distinctly solids nor liquids. 

A gas (or body in the gaseous state) departs in a 



SOME CHEMISTRY AND PHYSICS 


183 


p;reater degree from the solid state than does a liquid, 
in respect that it has neither definite size nor shape. The 
molecules of a gas do not remain in contact, as do the 
molecules of a liquid, but tend to move away from each 
other. Hence a gas can only be kept in a closed vessel, 
and no matter how large the vessel or small the amount 
of gas the latter will always completely fill the vessel. 

178. Expansibility of Gases. — This property which 
gases possess, of tending to occupy a large volume, is 
known as expavsihility 
and is illustrated by the 
following ^experiment. 

A bladder fitted with a 
stopcock and containing 
a little air (fig. 125) is 
placed under the re- 
ceiver of an air pump^ 

The receiver is at first 
full of air (ixcept for the 
space taken up by th» 
bladder, and no change 
takes place in the latter 
because the conditions inside the receiver are the same 
as outside of it. Now let the air be exhausted from the 
receiver by means of the air pump. The effect of taking 
the air out of the receiver is to reduce the pressure on 
the outside of the bladder, which accordingly becomes 
larger, owing to the pressure of the particles of air 
inside of it. This, then, clearly shows the tendency 
of gases to occupy a greater volume. In connection 
with this experiment it should be noticed that the air 
inside the bladder presses equally^ in all directions. 

When air is admitted into the receiver the bladder 



Fig 12.').— FApniisil)ihty of Oases 


^ A ir }mmp, an instrument for exhausting or pumping air out of a vessel. 
The Receiver is the “ bell- jar ” or glass cover seen over the bladder in figure. 
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collapses to its former size, the conditions being nov; 
the same as at first. 

179. Compressibility of Gases. — When a gas expands 
and fills a larger space, as in the experiment with the 
bladder, the distance between the particles iiicreas('s; 
wlnni the volume of the gas is decreased, the partieh's 
are pressed closer togetlnn-. 

Now, by ap})lying jtressnre W(‘ can foi’ce a body of 
gas to oconpy a very small volume; and tliis property 
is known as the coiupresnily'dity of gascK. Litpiids are 
also comjmessible, but to a much smaller ('xb'ut than 
gases; and for general purposes they are ts^ken as being 
incompressible. We know that it is im})ossible to force 
a quart of water into a pint measure, on the other hand, 
to compress a large volume of air or any gas into a small 
volume is quite easy. 

If we push an empty tumbler, mouth down, into a 
pail of water, the air imprisoned in the tumbler is forced 
into a smaller space, and the farther we press down the 
tumbler the smaller the volume V>f the air becomes. Our 
having to press down the tumbler'shows that the air is 
resisting compression, and if we cease pressing, at the 
same time keeping the tumbler perpendicular, the latter 
rises upwards, the air pushing the water out of it and 
regaining its former volume. 

Changes in the Volunie of a Gas due to Variations 
of Pressure. — So, in connection with our experiments on 
gases, besides noticing that a gas has neither definite size 
nor shape, we see (1 ) that the smaller is the pressure on 
a gas the greater is the volume of a gas (shown in the 
experiment with the bladder); (2) that the greater is 
the pressure on the gas the smaller is the volume (shown 
in the experiment with the tumbler); (3) that when the 
original pressure is resumed the gas returns to its first 
volume. 



SOME CHEMISTRY AND PHYSICS 


185 


The volume of a gas, then, varies with the pressure 
to wlpch it is subjected, diminishing as the pressure 
increases and increasing as the pressure is reduced. Wo 
shall see in the chapter on Atmospheric Pressure that it 
is important to know this in connection with the issue 
of gases from wastes into the mine workings. 

It is known (exactly how much air or any gas con- 
tracts or expands by a given variation of the pi-essure 
uj)on it, this having been discovered nearly two hundred 
and fifty years ago by a great scientist named Robert 
Boyle 

Fhi/uh . — (dijses and lifpiids are termed fluids, because 
their particles, on tln‘ slightest pi-essure, move and change 
their relative position. Thus fluids are of two kinds, 
licjuids and gases. 

180. The Force of Cohesion. — Now, in nature there are 
certain great forces; and one of these is the force which 
holds the particles of a body together. This force is 
termed cohenion, and is greatest in solids, varying with 
the nature of the body. It exists less strongly in liquids, 
being just sufficient to* keep the particles together; and 
it is not present at all in gases, tlu* particles of a gg-s, 
as has been shown, repelling each other. 

Existence of the Same Substance in Different States . — 
Heat acts in opposition to the force of cohesion, and 
many solids are known which, when their temperature 
is sufficiently raised, are converted into liquids, and 
the liquids, on further heating, into gases. Hence it is 
thought all bodies might be capable of existing in any 
one of the three states. 

It is the same kind of matter, for example, which is 
found in the solid state as ice, in < the liquid state as 
water, and in the gaseous state as steam. If we apply 
heat to a piece of ice, it melts into water; if we continue 
to heat the water, it boils and disappears in the form of 
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steam or water vapour. If we do not allow the steam 
to escape, but cool it down as it is formed, we again 
get water (this is termed condensing the steam); and, 
on continuing to abstract heat from the water, ice is 
the result. Mercury, again, the substance generally used 
in thermometers and barometers, while usually a liquid, 
freezes at a low temperature, and becomes a vapour at 
a high temperature. Oxygen and other gases have been 
converted into liquids by subjecting them to great pres- 
sure and low temperature; air, also, has been liciuefied. 

The Terms “ Vapour ” and “ Gas ”. — The term 
“vapour”, used in the preceding paragra^nh in connec- 
tion with steam and mercury, means a. gas formed from 
a body which is usually in the form of a li(]uid or solid, 
th(i term “gas” being generally applied to bodies such 
as oxygen, hydrogen, &c., which remain in the gaseous 
state under ordinary temperatui*es and pressures. 

181. General Effects of Heat. — With a few exceptions, 
all bodies expand wlien heated and contract when cooled 
(§18). Each solid and liquid has its own rate of expan- 
sion or contraction, but air and aH gases expand c(|ually 
when equally h(jated and contract equally when equally 
cooled. Gases expand more than liquids, and liquids 
more than solids. Wlien a gas is confined so that it 
cannot expand, and is then heated, its pressure is greatly 
increased, and may be so great as to burst the vessel 
in which it is contained. Hence boilers are fitted with 
safety valves to allow the steam to escape when the 
pressure reaches a certain amount. The increased pres- 
sure of the gas is believed to be due to the heat causing 
the molecules to move more rapidly. If free to do so, 
the molecules, we know, would fly apart (§ 177). 

In building iron bridges, laying the rails of a surface 
railway, &c., precautions have to be taken against ex- 
pansion, while in certain operations, as fixing or shrink- 
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ir^g iron tires on wheels, bracing up buildings by iron 
rods, advantage is taken of tlie properties of expansion 
and contraction. Air which has been wanned becomes 
lighter or less dense, and rises upwards, its place being 
taken by colder or denser air. In this way we get 
ventilation. 

The ordinary form of thermometer, or instrument for 
measuring temperature, consists of a short glass tube 
having a very tine bore, and terminating at the lower 
en<l in a bulb. The top is hermetically sealed. Bulb 
and part of the stem are hi led with mercury, and this 
rises farther ^up the stem or falls, according as it ex- 
pands on being made warmer or contracts on being 
cooled. By means of a scale marked on tho tube or 
alKxcid to it we are (mabled to read the temperature 
of the body with which the thermometer lias been in 
contact long (Miough to hav(5 ceased either to receive 
or lose heat. 

The teinperatarc of a body must distinguished from 
the quantity of heat in fche body. If we take a cupful 
of hot water out of » pailful, the temperature of the 
water in both ves.sels is the same, but evidently there 
must be a greater (juantity of heat in the pailful tffan 
in the cupful. We may have a body at a very high 
temperature, yet possessing a small amount of heat, and 
conversely, a substance may be at a low temperature, 
and yet have a large amount of heat. Temperature, 
then, indicates the intensity of the heat of the body, or 
how hot or cold the substance is. On the other hand, 
the quantity of heat in a body depends on the weight 
of the body, its temperature, and the kind of material 
of which it is composed. ^ 

In graduating the thermometer two fixed points are 
chosen. These are the points at which, under the ordi- 
nary atmospheric pressure (chap, xxxiii), the top of the 
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thread of mercury stands when the thermometer {s 
placed first in meltin^ ice (called the freezing-point), 
and then in steam from boilinoj water (called the boil- 
ing-point). l^lie space between tlie two points is divided 
into e(|ual parts termed degrees (written “). In the 
Fahrenheit scale (Fab. or F.) the freezing-point is called 
32°, and thei-e ar(i 180 ecjual divisions or de^rcn^s. There- 
fore the boiling-point is 212’; that is, 32 + 180. In the 
Gentrigrade scale (C.) the fri'ezin^-point is called 0°, 
and, since the <listauco between the two jioints is divided 
into 100 equal spaces, the boiling-point is consequently 
100°. In a third scabs called tlie liHau%nvr (H.), the 
freezing-point is O' and the boiling-point 80’, the num- 
ber of divisions being 80. As the distance between the 
freezing-point and boiling-point is the same on each 
scale, it will be seen that the degrees or s])aces on the 
R, scale are nine-fourths and those on the C. scale nine- 
fifths as long as those on the F. scale. 

Boiling-points. — It should be observed that the tem- 
perature at which water boils fs not always 212° F. (or 
100“ C.); but depends on the pre^ure on the water. If 
th^ is greater than that of the atmosphei'c at sea level, 
then the temperature at which the water boils is higher 
than 212° F.; if less, then the boiling-point is lower 
than 212° F. Also different liquids have each their own 
boiling- and freezing-points, but the same liquid always 
boils at the same temperature for any given pressure. 

182. Transmission of Heat. — By this is meant the trans- 
ference of heat from one point to another. This may 
take place in three different ways, namely, by conduc- 
tion, radiation, and convection. 

Conduction. — If we put one end of a knitting needle 
or wire into a fire, we find the other end soon becomes 
hot. The heat passes, or is “ conducted ”, along the wire 
from molecule to molecule, and we call the wire a con- 
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ddictor of heat. Metals are good conductors of heat, but 
many^ other substances are bad conduetors. Thus, if we 
substitute a i)i(‘C(‘ of wood for the wire, it catches fire, 
and we can hold it until it has almost all burnt away. 
Wood, then, is a bad conductor of lu'at 

In radiation, Inat passes from om^ body to another 
in rays thi-ough space. Thus it is by radiation that a 
person standing in front of a tin; is warmed, and by 
which the heat of the .sun reach(‘s us. The temperature 
of th(i air, or medium through which the heat rays pass, 
is not aflected. 

Oonvcction^iH the carrying of heat by the motion of 
the luxated particles from one point to another. It takes 
place in li(piids and gases. If a litth^ bian or sawdust 
Ih' put into water in a glass llask, and the latter heated 
over a spirit lamp or Bunsen burner, the dirt'ctiori of the 
convection currents can be seen. The water near the 
source of heat expands and ascends, the colder and 
heavier partichvs at the sides sinking dowm. In this 
way the mass of the li(|Uid is gradually raised in tem- 
perature. Heat passes by radiation to a kettle sus- 
pended over a fire, is conducted through the bottom, 
while the water inside is made hot by convection. 

183. Nature of Heat— The Steam Engine.— Heat is a 
form of energy, and energy is “the power of doing 
w’^ork ”. Thus the steam in a boiler possesses energy 
or power of doing work, because of the heat imparted 
to the water in the production of the steam and also to 
the latter itself; and a steam engine may be described 
as a machine for transforming into mechanical work 
the heat energy obtained by the combustion of the 
fuel in the boiler furnace. ^ 

Inside the cylinder is the piston, and connected to 
this is the piston rod, which projects from the front of 
the cylinder (fig. 179). A steam pipe passes from the 
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boilers to the cylinder, and the steam entering the latter 
drives the piston from one end of the cylinder ^o the 
other, thereby working a pump or revolving a drum 
which may be connected to the outer end of the piston 
rod. After driving the piston from one end of the 
cylinder to the other the steam escapes and fresh steam 
at the same time enters the cylinder at the other side 
of the piston and forces the latter back into its first 
position. 

' 184. Use of Compressed Air in Mines. — It has been 
mentioned several times that compressed air is used 
underground to work machines, such drills, coal- 
cutters, &c. Our experiment with the tumbler enables 
us to understand the procedure. The air is drawn from 
the atmospliere into a cylinder, termed the air-cylinder^ 
and is there compressed by a steam engine, its pressure 
being thus increased. From the air-cylinder the air 
passes into the air -receiver, and from the air-receiver 
is conveyed into the mine in pipes. Here it works the 
machine required by expanding to its former volume, 
thus giving out its increased pressure. 


CHAPTER XXVII 

SOME CHEMISTRY AND PHYSICS-((7cmemwed) 

Properties of Matter— Si)ecial and General Properties — Weight- 
Indestructibility of Matter 

185. Properties of Matter. — All kinds of matter possess 
what are known as 'properties. By “properties” here 
are simply meant qualities, such as colour, taste, smell, 
hardness, &c., which we recognize in the substance by 
means of our senses. Thus sweetness is a property of 
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sugar, hardness of iron, and so on. It is by its pro- 
perties, then, that one substance is distinguished from 
another. 

Now, such properties as sweetness, hardness, kc., which 
are possessed only by some kinds of matter, are called 
special properties, while properties such as weight, in- 
destructibility, &c., which belong to all kinds of matter, 
receive the name general properties. In the present 
chapter we are concerned with the general properties 
of matter only, and the two of which we need take any 
notice are the ones mentioned, namely, weight and in- 
destrxbctihilit'j^. 

186. Weight. — All matter possesses weight. A cubic 
foot of platinum, one of the heaviest of the known 
metals, weighs about 1842 lb. (nearly twice as much 
as a cubic foot of lead), a cubic foot of water about 
62 1 lb., a cubic foot of air under ordinary conditions 
about IJ oz., and a cubic foot of the gas hydrogen, 
the lightest substance known, about 39J grains, or 
nearly oz. * 

Every person is aw^re that solids and liquids have 
weight, because to support or raise them requires Jhe 
exertion of force, and we say they are “ heavy ” or 
“light”, according as we think they possess much or 
little weight. That gases have weight, however, does 
not always appear certain. Thus a balloon filled with 
hydrogen rises in the air instead of remaining on or 
falling to the ground, as bodies having weight usually 
do. Yet we see from the preceding paragraph that 
hydrogen does pos.sess weight, and the balloon ascends 
simply because hydrogen is lighter, volume for volume, 
than air, just as a cork, which every(j»ne knows to possess 
weight, rises when placed at the bottom of a vessel of 
water, the cork being lighter, bulk for bulk, than the 
water. 
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To weigh air or any gas we use a large glass flask, fitted 
with a tap or stopcock (fig. 12fi). The air is exhausted 
from the flask by means of an air pump, the stopcock 
closed to prevent more air from entering, and tlie flask, 
thus quite free of air, weighed. The stopcock is now 
opened, the air rushing into the flask, which, now full 
of air, is again weighed. Tlie second weiglit is greater 
than the first, and tlie increase is, 
of course, the weight of the air 
that lias entered the flask. If the 
volinm* of tlu^ flask were, say, a 
cubic foot, then the diflerence of 
th(‘ weights when the flask is full 
of air and when empty w'ould be 
the weight of 1 c. ft. of air. This 
is how Otto von Ouericke of 
Magdeburg (the inventor of the air 
pump) weighed air in the seven- 
teenth century; up till then air 
was belie\ ed to be without weight. 

By weigh’ ng otlier gases it can 
be ascertained whetlier they are 

Fig 126 -Weight of All- lighter or heavier than air. Thus 
hydrogen is about 14 J times lighter, 
nitrogen a little lighter, and oxygen a little heavier than 
air. As is evident from §§179, 181 any given volume 
of gas (a cubic foot, for example) will weigh more when 
the pressure upon it is great than when it is small; and 
less when the temperature is high than when it is low; 
hence, when ascertaining the weights of any two gases 
for the purpose of comparing the one with the other, the 
pressures and the temperatures, as well as the volumes, 
must be the same. 

187. The Weights of the Mine Gases Compared with the 
Weight of Air. — Four gases, called respectively marah 
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gffbs (firedamp), carbonic oxide (whitedamp), sulphuretted 
hydrogen (stinkdamp), and carbonic acid (chokedamp),. 
are likely to be found in coal mines (chaps, xxxi- 
xxxii); and it is very important that we should have 
some idea of their weights compared with the weight 
of air. If, then, we were to weigh equal volumes of 
air and each of the mine gases, at same temperature 
and pressure, and call the weight of the air 1, the 
weights of the other gases would be; as shown below: — 


Weight of Volume of Air 
(tailed 1). 


!• 

1 

1 


Weight of Equal Volume of Gas (at same 
temperature and pressure). 

OT)G marsh gas, 

0’D7 carbonh; oxide. 

1*18 sulphuretted hydrogen. 
l*r)3 carbonic acid gas. 


Thus marsh gas is about half the weight of air, white- 
damp a little lighter, and stinkdamp lieavier than air, 
carbonic acid gas, tlie heaviest, being about 1| times 
as heavy as air. 

These numbers, 0*56, 0*97, 1*18, and T53, arc termed 
the specific gravities of the gases, the specific gravity of 
a gas being its weight compared witli that of an eq^al 
volume of air, under the same conditions of temperature 
and pressure, the weight of the air being called 1. Some- 
times the term density is used instead of specific gravity, 
but generally density is taken to mean the weight of the 
gas compared with the weight of an ecpial volume of 
hydrogen. 

188. What Weight Is. — It will be well to enquire what 
weight is. It has been explained (§ 1 80) that there are 
different forces in nature, cohesion being one of such 
forces. Another, termed gravity, the force with 
which the earth is continually drawing, or tending to 
draw, all bodies towards its centre. Now what we call 
the “ weight ” of a body is simply the force with which 

(0163) 14 
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gravity is acting on the body, or, in other words, the 
force with which the body is attracted to the earth. 
Thus, for example, if we throw a ball up into the air 
it soon comes down again. We say this is because of 
its “ weight ”, weight here really meaning the downward 
force with which the earth draws the ball towards its 
centre. If the ground is sloping, the ball will run to the 
lowest point, and if it rolled into a pit it would fall to the 
bottom. Ordinarily, of course, when speaking of weight 
we never think of the force of gravity, regarding the 
weight of a body as just the amount the body weighs. 

It is important to observe that the force of gravity 
is always acting, hence a body always has weight. Thus 
if we place an object on a table, the table must be able 
to support the weight of the object (or, in other words, 
resist the force of the earth’s attraction), or the object 
will fall to the floor. Then the floor has to be strong 
enough to support the weight of both table and object 
or they will drop down to a lower level. In chap, xxxvii 
it will be s(ien how the force o'/ gravity is utilized in the 
transport of hutches in the mine.«- 

189. We come now to the Indestructibility of Hatter. 
The accepted theory is that matter can neither be created 
nor destroyed. When this statement is first made to us 
we have a difficulty in understanding how it can be true. 
That is because we are accustomed to seeing things dis- 
appear as such, as, for instance, coal placed on a burning 
fire. But we must note that though a body ceases to 
exist as such there is no loss of matter, but simply a 
change of state. Hcmce in the case of coal, although 
the coal itself vanishes when burnt, there result other 
substances, namely smoke, colourless gases, and water 
vapour, which ascend the chimney; and ash, which re- 
mains behind. 

Now if coal could be burnt in such a way as to render 
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iu possible to collect the gases, &c., produced, orU^ /%¥ 
duct^ of combustion, as the resulting substance^^^il^ ^ 
termed, we should find that they would actually weigln^ 
more than the cail itself. This is owing to the fact 


that coal when burning takes up oxygen from the air 
—air, as already mentioned, consisting mainly of two 
gases, oxygen and nitrogen. The products of combus- 
tion of the coal will, then, be heavier than the coal by 
an amount e(jual to the weight of oxygen taken out 
of the air. 


The same thing happens in the case of a burning 
candle (or taper), and we can use this in an experiment 
instead of coal. First, however, we must satisfy our- 
selves that the burning of the candle does result in the 
production of other substances. 

The candle is composed of carbon and hydrogen, and 
if we hold a small porcelain dish filled with cold water 
in the flame we find that soot and moisture gather on 
the outside of the dish. The soot is carbon in a finely 
divided state, and the watei- is due to the hydrogen of 
the candle and the oxygen of the air, as will be explained 
in the next chapter. The water is given off in the form 
of vapour. The cold surface of the dish condenses the 
vapour into water. 

But some of the gas about which we learnt in § 187, 
namely, carbonic acid gas, is also given off. This is due 
to the carbon of the candle and the oxygen of the air, 
as likewisti will be explained in the next chapter. The 
presence of this gas is shown by the fact that it makes 
lime water turbid. To prove that it is given off by the 
burning of the candle we first pour a little clear lime 
water into a glass jar, or colourless ^glass bottle with a 
narrow neck, then shake the jar. The lime water re- 
mains clear, showing that there is no carbonic acid gas 
present. We now, by means of a special spoon or piece 
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of wire, lower the lighted candle into the jar. The flame 
soon goes out, and if we shake the jar the lime ‘Water 
becomes milky, indicating that carbonic acid gas has 
been produced by the burning of the candle. 

Having now seen that the combustion of the candle 
does result in the formation of other substances, the next 
step is to ascertain whether these substances do weigh 
more than the candle. For the purpose of collecting 



the products of combustion we may use the apparatus 
shown in fig. 127. G is a wide glass flask fitted with 
a cork at each end. The cork at 0, the lower end, has 
a hole for the candle and .small holes for the admission 
of air. T is a U-tube filled with pieces of a substance 
called caustic soda, which absorbs the water and car- 
bonic acid gas produced by the burning of the candle, 
and A a glass vessel or can filled with water. The 
U-tube is connected to G and A by small bent glass 
tubes as shown. The water running out of A dra^^s 
the air up through the holes in 0. 

We now proceed to find out whether there is a gain 
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ir weight. It will be seen that there is no need to 
wait until the whole candle has been consumed. Before 
lighting the candle the apparatus, with the exception of 
A and the supporting stand at the left, is weighed. Then, 
A having been connected up and the stopcock opened, 
the cork o is removed, the candle lighted, and o quickly 
replaced. Aft(‘.r allowing the candle to burn for a time 
the flow of water is stopped and the candle goes out. 
The apparatus is now weighed as before, and found to 
be heavier, the increase being due to the oxygen whicli 
has been taken from the air. 

This experiment, then, may b(‘ taken as showing tire 
truth of the statements made as to the indestructibility 
of matter, and other experiments wliich are being per- 
formed daily all go to show that matter, though it may 
change its state, can neither be created nor destroyed. 

In the experiment just described the wide flask (or a 
tube or lamp chimney) may be used alone, the caustic 
scnla being kept in the upper part by means of a coarse 
piece of gauze placed in the flask. The tube is sus- 
pended from the end# of a balance beam and counter- 
poised. Then the candle is lighted and the apparatus 
is seen to increase in weight. 


CHAPTER XXVIII 

SOME CHEMISTRY AND imY^lO^-{Continued) 

Physical and Chemical Changes— Elements and Compounds — Chemical 
Action — Mechanical Mixtures 

190. Chemistry and Physics. — We^ are now in a position 
to understand what chemistry and physics treat of 
(chap. XX vi). We have seen that matter is capable of 
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undergoing changes. Now chemistry and physics afe 
the sciences that deal with the changes which ^ take 
place in matter — chemistry with changes (termed chemi- 
cal changes) afiecting the composition of matter, and 
physics with all other changes, as, for example, change 
of position, cliange of volume, &c. (called physical 
changes). 

191. Physical and Chemical Changes. — It is very im- 
portant that we sliould have a clear understanding of 
what is meant by chemical changes, and tlu' following 
will make the matter plain. 

If we move a piece of iron from one plapc' to another, 
or throw it up in the air, or heat it, these are all physical 
changes. If we magnetize the pieces of iron, whereby we 
impart to it the power of attracting other pieces of iron, 
that also is a physical change. Again, if we break a 
match, that likewise is a physical change. In all these 
changes nothing has been done to affect the composition 
of the substances. At th(‘- end the piece of iron still 
remains iron, and the broken* match is otherwise the 
same as before. The iron being irlade hot does not affect 
its .composition, as neither does magnetizing it. It soon 
grows cold again, and also soon lost\s its magnetism, and 
the properties imparted to it through being made hot or 
converted into a magnet are then lost. Converting ice 
into water and water into steam, and vice versa, are also 
physical changes, ice, water, and steam consisting of the 
game kind of matter (§ 180). 

If now we ignite the match which was previously 
broken, we have a chemical change. Here the com- 
position of the substance is affected, the burning or 
combustion of the match being accompanied by the 
production of new substances with properties different 
from those of the match, just as lias been seen to be the 
case when a candle is burnt. The burning of a candle 
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and of coal are, then, also examples of chemical change. 
A fiyther example is the ignition of a little gunpowder. 
The gunpowder disappears w'ith a flash, being converted 
into smoke and gases, and, no mattt^r how long wo wait, 
the substances thus formed do not return again to their 
former state. A chemical change is, tlum, permanent; 
also it must be carefully observed that when a chemical 
change takes place at least one new substance is formed, 
having its own particular properties. More will be seen 
as to this in the present chapter. 

192. Chemical Elements and Chemical Compounds. — Now 
as the result, of the eflbrts of chemists in enquiring into 
the composition of matter it is found that all known 
substances can be divided into two great classes, termed 
i-espectively elemenU and C(mi])()unds. To impress this 
fact on our minds we may state it in the following 
way:— 

Substiinces 


Elements Not elements 

• {i.e. comi)ound8). 

That is, all substances are either elements or not* ele- 
ments; if they are not elements, then they must be 
compounds. 

JElements.—'Now an element is a substance which con- 
tains only one kind of matter. Treat any element, then, 
as we may we can never get but one kind of matter from 
it. Thus oxygen is an element, and from oxygen only 
the kind of matter known as oxygen can be obtained. 
Again, from hydrogen, which is also an element, we can 
get only the kind of matter knowj:i as hydrogen. Simi- 
larly with all other elements, each consisting of only 
one kind of matter. Other names used instead of ele- 
ment are simple substavce, elementary substance, and 
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original substance. Or instead of substance 
body is used, thus simple body, &c. 

Altogether tliere are about seventy known 
The following list contains the names of the 
portant: — 


Chlorine 
Hydrof^en [ 
Oxy^ren 
Nitrogen 
Mercury {liquid) 
Aluininiuiu 
Calcium 
Carbf)n 
Copper 
Gold 
Iron 


J^ead 

Magnesium 

Pliosj)horu.s 

Platinum 

Potassium 

Silicon 

Silver 

Sodium ^ 

Sulphur 

Tin 

Zinc 


the term 

elements, 
most im- 


With the exception of the five indicated, all mentioned 
in the list are solids. 

193. Compomids. — Elements go together to form com- 
pounds, hence a compound, unlike an element, consists 
of two or more different subst&nces. By treating the 
compound in a certain way we can obtain from it the 
different substances of wliich it is composed. Thus if we 
heat in a tube (t, fig. 128) a little of the red powder 
called oxide of mercury, which is a compound of oxygen 
and mercury, the mercuric oxide (compounds of oxygen 
and another element are termed oxides) is “decomposed” 
or “ split up ” into these two substances. 

In performing this experiment the mercuric oxide is 
put into the tube T, and the mouth of the latter closed 
by a tightly fitting cork, through which the end of a 
suitably bent glass tube, called a delivery tube, has been 
previously passed. The other end of the delivery tube is 
guided into a trough, w, called a 'pneumatic trough, and 
the tube t fixed to a stand. Over the end of the de- 
livery pipe in the trough a beehi've shelf is placed (this 
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hiSts a hole in the top) and water poured into the trough 
until jt covers the beehive shelf. An inverted tube, t', 
hlled with water, is now placed over the hole in the 
beehive shelf. To prevent the water from running out 
of the tube t' while being inverted tlie mouth is kept 
covered until it is below tlx; level of the water in the 
trough. 

On applying heat to T th(‘ mercuric oxide, as has been 



said, is decomposed. The oxygen passes down the de- 
livery tube and bubbles up through the water contained 
in t', forcing out or displacing the water. The tube t' 
thus becomes filled with oxygen, and is then removed 
from the trough. Oxygen has no colour (therefore it 
cannot be seen), no taste, and no smell, and in testing 
for its presence a glowing splinter of wood is introduced 
into the tube. The oxygen causes the splinter of wood 
to burst into flame; the reason of this will be explained 
in the present chapter. The merc^iry is deposited in 
globules on the cooler parts of t. 

Very often the tube T alone is used in this experiment, 
the glowing chip of wood being introduced into it after 
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the heat haa been applied for a sufficiently lonjr interval. 
We may continue the heating until the whole oi: part 
only of the oxide in the tube disappc'.ars; but since there 
is never any loss of inattei- tli(‘ weii^lits of mercury and 
oxygen produced will always equal the weight of oxide 
used. It will be observed that the de^coiiiposition of 
the mercuric oxide is a chemical change. 

Other chemical compounds art* water, sugar, and salt. 
Water is composed of hydrogen and oxygen, and if we 
split it up by passing .a current of eltjctricity through it 
we obtain these substance's from it. Sugar is a com- 
pound of carbon, hydrogen, and oxgen* and salt of 
sodium, and chlorine. Again, the grtuittu* number of 
minerals are chemical compounds, cjuartz, for example, 
consisting of silicon and oxygen 

In all these examph^s it will be observed the com- 
pound possesses properties t'.ntirely different from those 
of the elements forming it. But this is not to be won- 
dered at, because when eleii^ents unite to form com- 
pounds a chemical changes takes place, and the result 
of that, we have alre.ady learnt, is the formation of at 
least one new substance which has, of course, its own 
particular properties. There are thousands of chemical 
compounds, and though tlu^re are only about seventy 
elements, if we recollect that the words comprising the 
English language are all built up out of twenty-six 
letters, we can understand how it is possible for so 
many different substances to be formed out of so few. 
One letter going with different letters, or with the same 
letters arranged in a different order, forms different 
words, and similarly one element uniting with dif- 
ferent elements, or the same elements in different pro- 
portions, forms different compounds. Thus oxygen 
uniting with mercury forms mercuric oxide, with 
hydrogen water, wuth hydrogen and carbon sugar, and 
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with silicon quartz. Again, the mine gases carbon di* 
oxide# and carbon monoxide (whitedamp) are chemical 
compounds of carbon and oxygen, each containing the 
same amount of carbon, but carbon dioxide having 
twice as much oxygen as carbon monoxide. Oxygen 
combines with all tin* elements except two to form 
compounds. 

194. Chemical Action. — Elements unite to foim com- 
pounds through the power of a gi’eat force of nature 
t (‘lined chemical attraction or affinity. The molecules- 
of the elements reipiire to be brought into contact, and 
when that haft been done and any further means — such 
as heating — necessary to cause the chemical force to act 
adopted, the result is the formation of the new sub- 
stance. Chemists describe this by saying that chemical 
action takes place between the elements, or that they 
“ act chemically ” on one another. They also say that 
the elements “ combine chemically ” or “ unite chemi- 
cally ”, or that they cntej* into “ chemical combination ” 
or " chemical union ”. ^Chemical action takes place also 
when compounds are decomposed into their constituent 
elements, this being implied by the terms “ decompos- 
ing”, splitting up”, &c. When a compound is decom- 
posed the force holding the elements together (that is 
chemical affinity) has to be overcome. 

195. Mechanical Mixtures. — It is necessary to carefully 
distinguish between chemical compounds and mechani- 
cal mixtures. A mechanical mixture consists of two 
or more substances simply mixed together, as sand and 
sugar, salt and sugar, &c. No chemical action takes 
place between the substances, and they can, therefore, 
be separated again by purely phj^sical means. Thus 
if we mix iron filings and sulphur we can remove the 
iron filings by means of a magnet, leaving the sulphur 
behind, or the sulphur could be washed away with 
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water, leaving the iron filings behind. If, however, 
the mixture is heated in a test tube, the sulphur is 
ob.Herved to melt, then the contents of the tube to 
glow brightly, and if the tube is broken after it has 
cooled, and the resulting metallic-looking ma.ss powdered, 
nothing is to be seen of the sulphur or filings, and 
the magnet is found to have no effect on tlie particles. 
What has happened is that the sulphur and iron have 
ceased to exist as such, and now form a chemical com- 
pound of sulphur and iron. Before the heating we had 
particles of sulphur existing side by side with particles 
of iron (a mechanicuil mixture of sulphur and iron fil- 
ings). As the result of the heating, chemical action took 
place; the iron and sulphur united, and an entirely new 
substance was formed, showing no trace of either the 
iron or sulphur. 

It is very important to observe that the properties of 
a mechanical mixture are the mean of those of the sub- 
.?,tances forming it, not distinct from them, as in the case 
of a compound. Thus sulphur is yellow and iron grey 
in colour. When we mix the tVo substances together 
th^!, colour is yellowish-grey, that is, a colour neither 
yellow nor grey, but between the two. In a mechanical 
mixture the substances may be present in any propor- 
tion; on the other hand, when elements combine they 
do so in definite profortions. 

Air, it should be noted, is a mechanical mixture of 
gases, while the gases met with in coal mines are 
chemical compounds. Gunpowder is a mechanical mix- 
ture of three substances, sulphur, charcoal, and saltpetre. 

196. Combustion. — When substances unite chemically, 
heat is usually given off. This was evident in the ex- 
periment with the sulphur and iron, and it can also be 
shown by pouring cold water on to quicklime (fig. 129). 
The lime and water both become hot, steam being 
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farmed. These results are due to the cheinifial com- 
bination of the quicklime and water. The white powder 
produced is called shiked lime. 

Now when chemical union goes on so (juickly that 
light as well as heat is produced we say combustion 
is taking place. The only case of combustion with 
which we are concerned is that in which substances 
are burnt in air. Coal, wood, &c., contain carbon and 
hydrogen, and air oxygen, 
and when tlie coal (or wood, 

&c.) is burnt the carbon and 
liydrogen lyiite chemically 
with the oxygen of the air — 
the carbon and oxygen to 
form carbonic acid gas, and 
the hydrogen and oxygen to 
form water. We see, then, 
that the combustion or burn- 
ing of coal, a candle, &c., are 
instances of chemical ‘com- 
bination, and we c<tn no>\r 
understand how the moisture 
came to appear on the outside 
of the porcelain dish, as seen in the experiment in the 
preceding chapter, and also how the carbonic acid gas 
came to be present in the jar after the Ciindle had been 
allowed to burn in the latter — they were the result of 
the chemical union of the hydrogen and carbon with 
the oxygen of the air. 

The substance which burns is called the combustible, 
and the substance in which it burns, or which surrounds 
it, is termed the supporter of copibustion. Thus coal, 
wood, &c., are combustibles, and, of course, the oxygen 
is the supporter of combustion. It is really air that 
surrounds the combustible, but it will be clearly shown 



FiR 129.— Water Poured upon 
Quicklime 



206 ^ FIRST STEPS IN^COAL MINING 

f 

in the next chapter that it is the oxygen in the air 
that supports combustion. 

When a substance will not burn in air we it is 
incombustible or non-combustible, and we also say that 
any gas in which a light will not burn is a non-8U2>- 
j)ovter of combustion. Thus, as will also be shown in 
the next chapter, hydrogen gas burns in air, but if we 
introduce a light into the hydrogen the light is extin- 
guished. We say then that hydrogen is combustible, 
but does not support combustion. Nitrogen, again, will 
not burn in air, and extinguishes lights put into it. 
Hence we say nitrogen is incombustible and a non-sup- 
porter of combustion. 

It will be seen later on that all the mine gases, with 
the exception of carbonic acid, are combustible, and that 
none of them support combustion, air (that is the oxy- 
gen of it) being the only supporter of combustion in 
the ordinary sense of the term. 


CHAPTER XXIX 

SOME CHEMISTRY AND PHYSICS-(C'ow<tWd) 

The Klemeiits Carbon, Sulphur, Nitrogen, Oxygen, and Hydrogen. 

Five elements about which we require to know some- 
thing are carbon, sulphur, nitrogen, oxygen, and hydro- 
gen. 

197. Carbon and Sulphur. — Carbon and sulphur are 
solids. A diamond is pure carbon, as also are char- 
coal and graphite. The last-mentioned is the sub- 
stance used in the manufacture of so-called “lead” 
pencils. Carbon we know is the chief constituent of 
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coal, and goes to the fovination of many other sub- 
stances. 

Sulphur, like carbon, is a combustible substance, burn- 
ing in air or oxygen with a bluisli flame. When heated 
to a certain temperatmc it is converted into a vapour 
(§ 180). Sulphur, we have seen, is one of the ingredients 
of gunpowder, and chemically combined with hydrogen 
it forms the gas sulphuretted hydrogen (the stinkdamp 
of mines). 

198. Nitrogen and Oxygen — ^Air. — Nitrogen and oxy- 
gen are invisible gases without taste or smell. It has 
already been mentioned that air is a mechanical mix- 
ture, consisting mainly of these two gases. Out of 
every 5 c. ft. of air about 4 e. ft. are nitrogen and 1 c. ft. 
oxygon. But although oxygen thus forms by volume 
only about one-fifth of air it is this gas which is the 
life-giving element and the great supporter of combus- 
tion, The nitrogen dilutes the oxygen and renders it fit 
for breathing. To breathe pure oxygen for any length 
of time would be very injurious, also substances which 
burn slowly in air w^uld be ijiiickly consumed in pure 
oxygen; and some substances which will not burn in 
air do so readily in oxygen. Thus iron wire cart be 
made to burn in oxygen. 

It is quite evident that every person and animal must 
have air if they are to live, and to show that substances 
when burning need air an ordinary bottle with the bot- 
tom cracked ofl’ may be placed over a lighted candle, care 
being taken to prevent air from entering the bottle at 
the foot. The flame soon dies out. If, however, the 
bottle be supported on two books, so that air is allowed 
to enter at the bottom, the candle continues to burn. 

Preparation, &c., of Nitrogen.— 'Now let some nitro- 
gen be prepared. From a stick of phosphorus a small 
piece is cut oft’, dried quickly with blotting paper. 
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and placed in a small saucer which is floated in 
basin of water (phosphorus is a very inflammable 
substance, and has to be kept and cut under tvater; 
it must not be touch(xl with the finders). A bell-jar 
is placed over the saucer (tig. 130), the stopper re- 
moved, and the phosphorus ignited by touching it with 
a hot wire. The wire is immediately withdrawn and 
the stopper replactni. l)(‘nse white fumes are seen to 
form in the jar as the phosphorus burns. These are 
due to the chemical combination of the phosphorus with 
the oxygen of the air, the whole of the 
oxygen inside the jar being consumed 
as the phosphorus continues to burn. 
After a short time the white fumes 
disappear, being dissolved in the water, 
and nothing is left in the jar but 
nitrogen. It will be observed that the 
water stands at a higher level in the 
jar than outside, having risen to take 
moved fiom Air ill Bell- the place of the oxygeii. The stopper 
pHoriTs "'*^*^"* removed, and a burning taper is 

inserted into the jar. The taper is at 
onbe extinguished, showing that nitrogen is not a sup- 
porter of combustion; also the nitrogen does not burn, 
proving that it is not combustible. 

Oxygen . — It was seen in the. experiment with the 
mercuric oxide that oxygen supports combustion and is 
incombustible. When it is desired to obtain this gas in 
any quantity (for experimental purposes) a substance 
called 'potassium chlorate is used. This is a compound 
of potassium, chlorine, and oxygen. When heated, it is 
decomposed and the oxygen set free. Usually another 
substance having the name manganese dioxide is mixed 
with the potassium chlorate. The apparatus employed 
is identical with that shown in fig. 128, except that a 
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flask is used for the tube T, and glass cylinders 
(c, fig. 134) instead of t'. Heat is applied to the flask, 
and the gas collected as with the tube t'. As each 
cylinder is filled the mouth is covered with a glass 
disc. A piece of charcoal is ignited, and the greater 
brightness with which it burns in oxygen compared to 
air observed. Similar expcninu'nt.S are made with sul- 
phur and phosphoi'us. 

As already stated, iron wire will burn in oxygen. One 
end of the wire is coated with sulphur, which is then 
ignited. This (aid is put into the oxygen, and the wire 
being heated up by the sulphur burns rapidly and with 
great brilliance, throwing oft' sparks. Insteail of wire a 
piece of steel watchspring may be list'd. 

199 Oxidation. — The special name given to compounds 
of oxygen with other elements has already been men- 
tioned (§193), as also the readiness of this gas to enter 
into chemical combination. With some bodies it com- 
bines at the ordinary temperature, and in this way we 
get iron rust, rust being chemical compound of iron 
and the oxygen of the* air, formed in the presence of 
moisture. The chemical name for rust is “oxide of 
iron The process of chemical union with oxygen 
is called oxidation, and the rusting of iron is an ex- 
ample of oxidation proceeding slowly. Combustion, it 
will be understood, is merely rapid oxidation. 

, 200. Other Constituents of Air. — Other elementary gases 

present in air in small proportions are the recently dis- 
covered argon, helium, &c.; but disregarding these, mixed 
with the oxygen and nitrogen are small amounts of 
carbonic acid gas and water vapour, and also vrrious 
impurities. ^ 

Carbonic Acid Oas in Air . — The proportion of car- 
bonic acid gas in the air varies at different places. In 
the open country the air contains from 3 to 4 volumes in 

(C168> 15 
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10,000, but the amount is much greater in towns and 
badly ventilated places. This is because people give off 
this gas in breathing, and also because it is, as wfe know, 
produced by the burning of fires, &c. 

The carbonic acid gas given off in respiration is due to 
the oxidation of carbon in our blood, the oxygen drawn 
into our lungs entering the blood and there combining 
with the carbon. To show that we do breathe out this 
gas the air from our lungs may be blown through a 
little clear lime water (using 
a straw or tube, or a bottle 
fitted up as ifiustrated in fig. 
131), the lime water becom- 
ing “milky" when shaken, 
while to satisfy ourselves that 
the gas is actually produced 
within our bodies a little clear 
lime water is shaken up in 
ordinary air or put into a 
b6ttle (fig. 132) and the air in- 
halod through this. In either 
case the lime water remains 
clear, the amount of carbonic 
acid gas ordinarily present in the air being too little 
to affect it unless the lime water is allowed to stand 
for a time. 

Water Vapour in Air . — Air always contains water 
vapour (§21). In addition to the amount evaporated 
from the surface of the land and from the sea, &c., 
vapour, as has been shown, results from the burning 
of coal, &c., and it is given off in breathing. 

The amount of water vapour the air can contain 
depends on its temperature. The higher the tempera- 
ture of the air the more vapour it can take up. It is 
for this reason that the air in deep mines is drier than 



Figs 131, 182.— Experiment to show 
Difference iietween Inspired and Ex- 
pired Air 
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in .ihallow mines. Air which has its temperature raised 
is able to absorb more moisture, and it is this power of 
absorbing moisture to which the name dryness is given. 
The temperature of tlie eartli’s interior increasing with 
the depth (chap, iii), deep mines are at a higher tem- 
perature than shallow mines and also (except perhaps on 
a hot summer’s day) than the air on the surface. The 
air entering the deep mine from the sur- 
face is heated up by the strata, and con- 
sequently made drier. 

When air can contain no more water 
vapour at any, given temperature it is 
said to be saturated. If the temperature 
is then raised the air is able to take up 
more moisture, until it is again satu- 
rated. If the temperature is once more 
increased there will be a new saturation 
point, and so on. 

When air is saturated and the tem- 
perature then falls, the vap*our contained 
in the air in excess of A^hat is. required 
to saturate it at the lower temperature 
will pass back into water or be con- 
densed. This is the cause of moisture 
being sometimes deposited on the sides, 

&c., of roads in shallow mines, near the shaft bottom, 
•during hot summer days. The warm air passes into 
the mine loaded with vapour, and is there chilled. 

To show that air contains water vapour, it is only 
necessary to bring a tumbler of very cold water into 
a warm room in which are several persons. The cold 
outer surface of the tumbler become!' wet, owing to the 
cooling of the air in contact with it and consequent con- 
densation of water vapour. Again, the cold surface of a 
nurrbr when breathed upon becomes dim or clouded with 





Fig. 133.— Dry- ami 
Wet-lmlb Hygrometer 
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moisture, showing that we do exhale water vapour. ''For 
ascertaining the degree of moisture, or humidity, in the 
air an instrument called a hygrometer (tig. 133) is used. 

Carbonic acid gas and water vapour, like oxygen and 
nitrogen, arc essential constituents of air. 

Impurities in Air . — Carbonic acid gas, though neces- 
sary in air, is injurious when it exceeds a certain amount. 
It then becomes an impurity. More will be seen as U) 
this gas in chap. xxxi. Besides carbonic acid gas, air 
n contains, as impurities, dust particles, 
living germs, and traces of certain gases. 
The exact nature and • amount of the 
impurities in the air of any district 
depend on the local conditions. 



Fig. 1S4. — AppiuratuB for the Preparation of Hydrogen 


W. Glass bottle; T, Thlstle-fumiel; l», delivery-tube; P, pneumatic trough; - 
c, glass cylinder 

201. Hydrogen, Preparation.— The apparatus used is 
shown in fig. 134. Some granulated zinc is put into 
the bottle w (or into a two-necked Woulfe’s bottle), and 
sufficient water poured down the thistle-funnel to cover 
the zinc. A little dilute sulphuric acid is now added, 
and chemical action begins. The sulphuric acid is a 
compound of hydrogen, sulphur, and oxygen, and owing 
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to the chemical action the hydrogen ia liberated, and 
paaaea along the delivery-tube. It is collected in the 
same way as oxygen. As it is explosive when mixed 
with air, all the air in the bottle must be allowed to 
escape befoie beginning to till the tirst cylinder. In 
consequence of the lightness of this gas, tlu^ cylinders 
must be kept mouth down when tilled. If the chemical 
action slackens, a little more suli)huric acid is poured 
down the thistle-funnel. 

Experiments to illustrate Properties of Hydrogen . — 

(1) Hydrogen is combustible, but does not support com- 
bustion. A lig^itcid taper is put into a cylinder of the 
gas (keeping the cylinder mouth downwards); the hy- 
drogen catches tire and burns with a pale-blue flame, but 
the taper is extinguished on being pushed into the gas. 

(2) Lightness (§ 186). A cylinder containing air only 
is held mouth down, and a cylinder of hydrogen emptied 
into it by pouring the gas upwards. On introducing a 
lighted taper into the upper cylinder there is an ex- 
plosion, due to the inixturft of hydrogen and air, show- 
ing that the gas has passed from the lower to the upper 
cylinder. A light put into the cylinder originally con- 
taining the hydrogen shows it to be quite free of the 
gas. 

(3) Hydrogen, when burning in air, forms water 
vapour, due to chemical union with the oxygen of the 
^ir. A glass jet can be substituted for the delivery- 
tube and the gas ignited as it issues from the jet (first 
making sure that it is pure hydrogen, and not a mixture 
of hydrogen and air, that is being given off, in case of 
an explosion). Water is deposited on the cold surface 
of a tumbler held over the jet, due Jo the condensation 
of the vapour. By weight one-ninth of water is hy- 
drogen and eight-ninths oxygen. 



214 


FIRST STEPS IN COAL MINING 


CHAPTER XXX 

EXPLOSIVES AND BLASTING 

Boring the Shot Holes — Charging and Firing— Miss- and 
Hang -fires — Electric Blasting — What an Explosive is and 
How it Acts — Composition of Explosives — Blown-out Shots — 
Permitted Explosives — Substitutes for Blasting. 

We know that explosives are put into holes bored for 
them and are then fired, and we have already seen how 
they are used both at the bottom of a funking pit and 
in breaking down the coal. It now falls for us to learn 
something of the boring and charging of the holes, and 
of the other matters mentioned in the heading. It is 
better, in the first instance, to aequire some knowledge 
of the various subjects in the order given; afterwards 
^ each, as for example “ charg- 

^ * ing and firing ”, can be 

C ^ * studied separately as fully 

c Jis iieA’essary. 

Fig 135 . -Set of Hand-dniis 202. Boiing the Shot Holes. 

— Fig. 135 shows hand-drills, 
to which reference has already been made. They are 
steel rods, usually of octagonal section, with a cutting 
edge at one end and a face at the other, on to which 
blows from a hammer are delivered. The action is there- * 
fore percussive (§ 108), and to ensure the hole being 
circular the drill must receive a partial turn after each 
stroke of the hammer. The cutting edge is shaped to 
suit the nature of the rock The “ short drill ”, a, is used 
first, then the “ middle drill ”, h, and, lastly, c, the long 
drill In what is known as single-handed boring one 
person does the work, holding the drill in one hand and 
delivering the blows with the other; in double-handed 
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boring one man holds and turns the drill, and one or 
two cithers strike the 
blows. 

For boring holes in 
soft rock a tool called 

a jumper is sometimes 

UH(id. This may be six 
or more feet long. It has 
a cutting edge at one end 

, . , Kik i;i7 —Ordinary Ratchet Maeldne and 

and an enlargement near Dniis 

the other. The hole is Thedrill—twUted steel- I b Inaerted into a 

bored bv moving the the end of a screw The screw works 

j _ . through a nut at the end of the barrel, and Is 

tool to and iro, giving lotatedhy a ratchet handle. 

it always a partial turn. 

Hand •‘boring machines . — Reference has also been 
made (§§ 126, 148) to the use of power machine drills', 
for the general work of 
the mine hand-boring ma- 
chines are employed, and 
6g. 187 shows the ordinal 
“ ratchet ” machine, With 
which most miners are 
familiar. The motion is ro- 
tary (§110). Fig. 138 illus- 
trates another machine; in 
this the stand takes the 
place of the prop required 
with the machine shown 
in fig. 137. 

As the boring proceeds, wg. ,s8 -Eiiict soring luoun. 
the hole has to be cleaned 

out, and this is done by means of t^he scraper or cleaner 
(fig. 139), a thin copper rod with a circular piece formed 
at one or both ends. The other tools shown in fig. 139 
are used in charging the hole. It will be seen from 
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G. R. 12 (d), that tools made of iron or steel must not 
employed. This is to ensure greater safety, but tools of 
any material are unsafe if not used with the utmost care. 
The stemmer, made of wood or copper, has a groove at 
^ one end, which fits the needle 
* 0 ]* safety fuse. The needle, of 

co})per, has an “('ye ” at one end, 
T=-*=^ ' and tapc'.rs to a point at the 

F»r 13i> —a, Scraper or Cleaner otlnsr. 

'■ 2<«. charging and Firing.-Tlie 

hole, having been thoroughly 
cleaned, is ready to be charged. This consists in placing 
the charge at the extreme end, then filling the space 
in front by beating in clay or other non-inflammable 
material {not coal or coal dust; see C. M. R. Act, 1906) 



with the stemmer (fig. 
140), provision being 
made for firing the 
charge. The operation 
of closing the hole in 



Fig. 140.~a, Stemming the Hole Lighting 
tlie Fuse 


front of the charge is 
known as “tamping”, 
“stemming”, or “ram- 
ming”. If no tamping 
were done, then in the 
case of gunpowder the 
charge would simply 
blow out of the hole 
without breaking down 
the rock, and while 


some explosives, as dynamite for example, can be fired 
without tamping, yet being confined in the hole makes 
the charge more effective. The conditions under which 
blasting is done arc stated in G. R. 12 and Explosives 
Order (see also Amendments and Special Rules), and 
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i]\(i reason for each rule must be clearly understood. 
Tlie young reader will learn in the practical work of 
his class the use of the various appliances employed 
in blasting, and what is given here must be under- 
stood to be mere outline. In blasting operations the 
greatest Ciire is iu‘cessary, and this must never be for- 
gotten. 

In firing gunpow<ler, or blasting powder, a 8quib or 
a draw, carefully filled with powder, oi- a f^afety fuse is 
used. Dynamite, gelignite, and othcu- explosives, known 
as “high (explosives ” are fired by detonation, n detonator 
and safety fi^se being employed In all cases the charge 
is gently jdaced in position at the back of the hole — 
O' R, 12 (c). If the explosive is blasting powder, and is 
to be fired with a squib or straw, the needle is inserted 
into the charge and the stemming done round the needle. 
The first 8 in. is tamped very lightly with soft material; 
as the process proceeds, the ramming is harder. At the 
end of the operation the needle is removed and the squib 
or straw placed in the hole thus left. Warning is given 
to all persons in the \^cinity to retire; means are taken 
to prevent any person from approaching unawares; |ind 
the piece of “ touch ” or slow-burning paper which has 
been attached to the straw is ignited, the person who 
sets fire to this quickly retiring to a safe position. 

Safety fuse . — We hav(i already learnt something about 
this (§ 126). Examining a piece, we find it to consist of 
a thread of gunpowder surrounded by some protecting 
material, as flax, cotton, &c., and with an outer covering 
either of tape, coated with varnish, or gutta percha for 
damp or wet ground. The procedure is the same as in 
the case of the squib or straw, exc(Jij)t that the end of the 
fuse is inserted into the charge, first being cut clean, and 
the hole stemmed round the fuse. The fuse bums at the 
rate of about 2| or 3 ft. in a minute. In tamping, care 
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has to be taken not to injure the fuse, and this may* 
liappen if the tamping material contains gritty matter. 

In using powder in wet ground special measures are 
necessary to keep it dry. Again, the cartridges may 
be in the form of “bobbins” of compressed powder, 
the hole running through the centre being larger at 
one end. In this ciise the bobbins are slung on to the 
fuse, the latter being attached to the innermost bobbin 
by doubling the end back into the larger opening, and 
gently pulling the fuse tight. 

We come now to firing with a “ detonator This is a 
small cylinder or tube, about 1 J or 2 in. long and J in. 
diameter, closed at one end, and containing a highly ex- 
plosive substance, fulminate of mercury, or a mixture 
of fulminate of mercury and chlorate of 'potassium. The 
cylinder is generally made of copper. The end of the 
fuse is cut clean and inserted into the detonator until 
it reaches the fulminate. The upper part of the cap 
is then squeezed with a pair of, nippers; the squeezing 
secures the fuse in position and serves to develop the 
power of the fulminate. If the charge is to be fired 
under water, the end of the detonator, where it joins 
the fuse, has to be made water-tight by means of grease 
or tar, thus preventing the fulminate from becoming 
damp. The detonator, with fuse attached, is now in- 
serted into a cartridge, and the hole charged. The fuse 
explodes the fulminate, this in turn exploding the car- 
tridge. 

Detonators are numbered according to the amount of 
explosive mixture contained in them, different explosives 
requiring detonators of different degrees of strength. 
They are extremely dangerous appliances, and the ut- 
most care is necessary in handling them. They must on 
no account be left lying about, and none must be “lost” 
(see Explosives Order). Great care is, of course, neces- 
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*sary in introducing the charge into the hole and in 
tan^ping. 

204. Miss- and Hang-fires. — The term miss-fire is ap- 
plied when a shot for some reason fails to explode after 
the fuse, or straw, &c., has been ignited, and the term 
hang-fire when a longer than ordinary interval elapses 
between the lighting of the fuse and the exploding of 
the charge. Many accidents have occurred through per- 
sons returning to shots which they believed had missed 
fire, but which were merely “hang-fires”. Here the 
minimum interval made compulsory by the Special 
Rules musjf, at least, be allowed to pass before any 
person enters the place. Many accidents have occurred 
tcK) from men attempting to bore out shots which had 
missed fire (G. R. 12 (e)). 

In ordinary blasting, miss-fires are liable to occur with 
squibs and straws, in some instances owing to improper 
filling. With squibs and straws, it should be observed, 
care is also necessary jbo guard against premature ex- 
plosion. In the case of fuse a miss-fire may be due 
to the powder being damp or to the tamping having 
been carelessly done. With compressed powder*, care 
has to be taken to prevent the powdered core in the 
doubled end of the fuse from bearing against the other 
part of fuse. Reference has already been made to the 
connection between fuse and detonator and detonator 
and explosive. The cartridges forming the charge must 
be placed in contact, one with another. Miss-fires also 
occur from defects in fuse or detonator. For firing the 
charge a sufficiently strong detonator must always be 
used. 

205. Electric Blasting. — Fig. 441 makes clear the 
method of shot-firing by electricity. At the end of 
the detonator is the mixture of fulminate of mercury 
and chlorate of potassium, and in front of this is the 
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“priming charge” The ends of the detonator wires • 
are embedded in the priming. The priming and de- 
tonator wires form an “ electrical fuse When the 
hole has been stemmed the cable is connected to the 



Fig 141 - Klectric Sliot-flniig in Working Place 


S, Shot, consisting of carti idge and special detonator (liole is shown anstemmed); 
0, cable; B, electric exploder and position of sliot-ttrcr The detonator has two insu- 
lated wires which projucl fioin holt, the cable is connected to these and to exploder 


fuse wires and then to the exploder. When the handle 
of the latter is turned and the “button*’ pressed a current 
of electricity passes along the cable, causing the priming 
to become ignited and exploding* the detonator, which 
in turn, we know, explodes the ‘cartridge (see also 
Explosives Order). 

There are two kinds of 
electrical fuses, high -ten- 
sion and low -tension. In 
the former the ends or ter- 
minals of the wires em- 
bedded in the priming are 
a fraction of an inch apart. 
A high-tension exploder is 
used, and this causes a 
small current of electricity at a high pressure to pass 
along the cable; sparks leap across from the one ter- 
minal to the other, thus firing the priming. In the low- 
tension fuse the terminals of the wires are joined by 
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a piece of fine platinum wire. A low-tension exploder 
is employed, and when the circuit luis been completed 
and handle turned, &c., a larger current of electricity 
at a lower pressure than in high tension Hows along the 
cable. This current passing through the platinum wire 
makes it red-hot, thus igniting the priming. Sometimes 
low-tension fuses are termed “ quantity ” or “ battery ” 
fuses. Th(iy can be tested before using by means of an 
instrument called a galvanometer. High-tension fuses 
are sometimes termed “ tension ” or “ machine " fuses. 

Electric shot-firing is now very common in mines. 
It is safer^ (§ 1 26), and, besides possessing other advan- 
tages, there are fewer miss shots. Formerly there was 
believed to be no danger in approaching immediately 
a shot which had missed, after first detaching the 
cable from the exploder. Hang-fires, however, have 
been found to occur in electric blasting, and accordingly 
an interval must be allowed to pass before visiting the 
place. In all aises the cable must be at once detached 
from the exploder (Explosives Order). In stemming, 
care requires to be iaken not to cut the wires or injure 
the covering material in any way (see as to using gritty 
matter). The ends of the fuse and cable wires must be 
scraped clean before connecting them, and they must be 
connected in a particular way. 

206. Simultaneous Blasting. — The electric method is 
very convenient for firing a number of shots simul- 
taneously, as in a sinking pit or stone mine. There 
are two ways of connecting the detonator wires to the 
cables — in series or in parallel In series, one wire of 
the fuse of one shot hole is connected to one wire of 
the second shot hole; the other wire of the second hole 
is connected to one wire of the third hole, and so on. 
The cable wires are “coupled up” to the free wires of 
the first and last holes. In parallel, the wires of each 
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shot hole are connected directly to the cable, one wire 
of each fuse to one line of the cable, and the remaining 
wire of each fuse to the other line of the cable.* A 
combination of the series and parallel arrangements is 
sometimes used. A number of shots can also be tired 
simultaneously, without the use of electricity, by means 
of Bickford’s Patent Volley Fiver. In this, instantaneous 
fuses, burning at the rate of 150 ft. per second, are ig- 
nited by means of ordinary fuse and patent igniter. 

A disadvantage in simultaneous blasting is that the 
shots cannot be counted (§126), and it is not known 
until a return has been made to the place whether 
all have exploded. Care is therefore necessary. Acci- 
dents have occurred where two shots were being fired 
at the same time, in the ordinary way with squib or 
safety fuse, through the persons returning to the place 
after hearing only one report, thinking that the shots 
had exploded simultaneously. 

207. What an Explosive is and How it Acts. — Our 
work in chemistry and physics:, enables us to under- 
stand the nature and the action qf an explosive. We 
know that in ordinary combustion the oxygen of the 
air and a combustible are necessary. An explosive 
contains its own combustible or combustibles and also 
a substance which supplies the required oxygen; hence 
when we shut up the charge in the borehole and apply 
the necessary heat or shock to start the chemical action, 
combustion takes place. But that is not all. In the 
explosive there is so much of the oxygen-bearing sub- 
stance that the combustion, instead of going on more 
or less slowly, as in the case of coal burning in a 
fire, for example, is extremely rapid, and there is an 
explosion. 

Now in regard to the action of an explosive, the matter, 
we assume, is indestructible, and so when the explo- 
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sive is fired it is converted into gases. These gases, if 
free, would occupy a volume hundreds of times that of 
the» explosive; but being confined in the small space of 
the borehole they exert an enormous pressure and there- 
fore break down or burst out the rock. All this, the 
combustion of the explosives, the pressure of the gases 
on the containing walls, and the breaking down of the 
rock, it must be remembered, takes place almost 
instantaneously. 

The gases exert a pressure equally in all directions 
(§178), and break away, as we say, “tlie ground in the 
line of least resistance”, or, in other words, the ground 
in the wejflcest direction. The knowledge of this fact 
assists us in placing shots (§ 148), and shows the impor- 
tance, in doing so, of taking note of slips, partings, and 
joints. It also shows the necessity for tamping holes, 
although high explosives, as dynamite, are so rapid in 
their action that a very little tamping suffices. Dyna- 
mite is much more rapid in its action than gunpowder, 
hence when exploded dOn the ground it makes a large 
hole, whereas the foi;ce of the gunpowder is expended on 
the air. Some people therefore say that dynamite when 
exploding “ strikes down ”, meaning that it does so more 
than it “ strikes up ”, or in any other direction. That, 
we can see, is wrong, as the gases into which the ex- 
plosive is converted exert a pressure “equally in all 
Erections”. The action of the dynamite is so rapid 
that when fired on the ground there is no time for the 
force to be spent on the air, or “in the line of least 
resistance” as in the case of the gunpowder. If the 
gunpowder be confined, as by placing a heavy weight 
upon it, a hole will be made in the ground, the latter 
now being in the line of least tesistance. 

208. Composition of Explosives.— We need consider only 
gunpowder, blasting powder, and dynamite. Gunpowder^ 
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it has been seen, is a mixture of charcoal, sulphur, and 
saltpetre. There is 15 per cent charcoal, 10 per cent 
sulphur, and 75 per cent saltpetre. If we take a 'xittle 
of each of these substances and mix them together 
in the proportions named we shall have gun})owder. 
Other names for saltp(‘tre art' “ nitre ” and “ potassium 
nitrate”. It is a chemical compound of potassium, nitro- 
gen, and oxygen, and is, it will be st'cn, the oxygtm-bear- 
ing substance of the explosive, (^/harcoal and sulphur 
are the combustibles 

Blading powder differs from gunpowder in that there 
is less saltpetre and more of the other substances. There 
is no better explosive for coal than gunpowder (or blast- 
ing powder), because, having a slow-rending action, it 
does not smash the coal. It is, however, not allowed 
to be used in some mines, on account of the large 
amount of flame produced during the combustion, and 
also on account of the large quantity of the very dan- 
gerous gas, white-damp, which is produced (chap, xxxi). 

Dynamite . — The composition* of dynamite is 75 per 
cent nitroglycerine and 25 per ,.cent kieselguhr. It 
is the nitroglycerine that is the explosive. This, how- 
evef, is a liquid too dangerous to be used alone. The 
kieselguhr, a siliceous earth, absorbs the nitroglycerine. 
Dymmite, therefore, in its usual state is a plastic sub- 
stance. It is of a reddish colour. 

Explosives which have nitroglycerine as a base are 
termed “ nitroglycerine explosives ”, and include, among 
others, blasting gelatine, gelatine-dynamite, gelignite, and, 
of course, dynamite. Nitroglycerine explosives freeze 
and become hard in cold weather. They must then be 
thawed, as to use them in a frozen condition is highly 
dangerous. Lives have been lost in consequence of 
ignorant persons trying to soften the cartridges by 
such means as heating them before a fire, in an oven, 
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oi\ a stove or steam cylinder, or by carrying the cart- 
ridges about with them. The thawing must be done 
in special warming pans and according to instructions. 
These and all otlier explosive.s must only be used, as 
already mentioned, in accordance with instructions. 

, 209. Blown-out Shots. — A blown -out shot occurs when 
tlie explosive “ blows out ” of the hole without doing any 
work. There is much flame and concussion, and a piece 
may be blown off the mouth of the hole. The danger of 
a blown-out shot is that it may give rise to an explosion 
either of firedamp or coal dust. This is also the case 
with an overcharged shot. 

Everybody * has heard of firedamp and of the ex- 
plosions that sometimes arise from its presence in the 
air of coal mines; but it seems hardly credible that 
coal dust should be able to cause an explosion. To do 
so the dust must be dry and in a sufficiently fine state. 
If such dust is subjected to some form of violent inflam- 
mation, which both raises and ignites it, then there is 
an explosion. This has been shown by firing a cannon 
in a disused shaft in which coal dust was placed. The 
result of such experiments and of the careful examina- 
tion of mines after explo.sions have occurred in them, 
is that experts now believe that many of the great 
explosions in pits in recent times have been due not 
to firedamp, but to coal dust; and that, in any case, 

, coal dust in the mine will intensify and extend a fire- 
damp explosion. We shall learn fully about firedamp, 
and return to the subject of coal dust, in chap, xxxii, 
but meantime we must note the danger in blasting to 
which the presence of these substances gives rise, and 
the precautions necessary to secure safety, so far as 
possible. 

It will be seen that in the case of a blown-out shot the 
line of least resistance is through the borehole, and it is 
(0168> 16 
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also apparent that every care must be taken to av«>id 
them. Careless or inefficient tamping may be the cause, 
or the shot being in the solid. In all cases the fend of 
the shot hole must not be at a greater depth than the 
back of the under-cutting, and in boring, the hole must 
not be slanted so tliat the end is in the solid side coal.. 
In proportioning the charge to the work to be done, 
practice is necessary, but a theoretical knowledge is 
very helpful, and care and observation do the rest. 
What has been stilted in the present and tw^o preced- 
ing paragraphs makes clear the requirements of G.R. 
12 and Explosives in Goal Mines Order as to firing 
shots where there is gas or the place is (Jry and dusty; 
and also as to not stemming a hole with coal or coal dust. 

210. Permitted Explosives. — To reduce the danger of 
the ignition of inflammable gas and coal dust in some 
mines only certain explosives, hence termed permitted 
explosives, are now allowed to be used, and then only 
under certain conditions (see Explosives Order). These 
are explosives the composition of which is such as to 
render them less likely than gunpowder to inflame gas 
or coal dust when fired ; but it must be borne in mind 
that no explosive is absolutely safe. The permitted 
explosives have been called “non-flaming explosives”, 
but this term should not be used. 

The Explosives Order contains the names of the per- 
mitted explosives, a statement as to the composition of 
each, and the conditions under which each must be used, 
including the number of the detonator. When a manu- 
facturer has an explosive wdiich he thinks might be 
tised in all mines, he applies to the authorities to have 
it tested. This is done at the Government Testing 
;Station at Woolwich. If found to satisfy the standard 
•conditions, the explosive is placed on the “list of per- 
mitted explosives ”. Again, if an explosive after having 
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bt-en placed on the list is found not to come up to the 
standard of safety its use is prohibited. Thus the num- 
ber of permitted explosives alters, and new orders are 
issued from the Home Office. 

211. Substitutes for Blasting. — We see from the pre- 

• ceding paragraphs that only certain explosives are 
allowed to be used in certain mines; and it has been 
proposed to prohibit blasting entirely, using such sub- 
stitutes as the lime cartridge and wedge. 

The. Lime Cartridge . — The coal is undercut and drill- 
liole bored in the usual way. The cartridges, of ordinary 
mountain limestone which has been calcined, then ground 
to powder, and compi’essed by hydraulic power, have a 
groove which fits a pipe about J in. in diameter. The 
pipe is perforated at one end, and is placed in the hole 
with the perforated end to the back. The cartridges are 
put into the hole and the latter stemmed. Water is 
now forced in by connecting a small force pump to 
the outer end of the pipe. The pump is then removed. 
Steam is formed, as we *saw in the experiment (§196); 
with the water the linie expands greatly; and the coal 
is broken down. 

The lime cartridge is not suit- 
able for coal with openings, and 
has other objections. It has 
therefore never come into general 

• use. 

Wedges . — We have already taken 
note as to the use of the ordinary 
wedge and hammer in breaking 
down coal. In fig. 143 are vseen two 
pieces, called “feathers”, extending 
from near the back end of the hole to the mouth, and 
between them are two wedges. The feathers are tapered, 
half-rounded pieces of iron, with flat sides next the 
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wedges. The hole is drilled as in blasting, and Ijhe 
feathers are placed in it with the thin end of each 
outwards; the wedges are then driven in between. 
What is known as the wedge and feathers or plug and 
feathers consists of two feathers and one wedge. In 
Elliot's Patent Multiple Wedge there are three wedges" 
and two feathers. The wedges are driven in with a 
hammer, and if the first two (fig. 143) do not break 
down the coal, then the third is forced in between 
them. The coal breaks down at the end of the 
feathers. Other wedges are Burnett's Boiler Wedge 
and Hydraidic Wedges. , 


CHAPTER XXXI 

GASES MET WITH IN COAL MINES 

Carbonic Acid Gas— Carbonic Oxi^do— Sulphuretted Hydrogen 

As has been indicated (§ 187), four gases are likely 
to be met with in the air of coal mines. 

212. Carbonic Acid Gas. — W’^e have already made the 
acquaintance of this gas. Chemists call it carbon 
dioxide and carbonic anhydride; carbonic acid gas is 
its common name. Miners call it chokedamp. 

Carbon dioxide is a chemical compound of carbon and * 
oxygen. The molecule consists of 1 atom of carbon and 
2 atoms of oxygen. Chemists denote this by writing, 
instead of the name of the gas, COg, which is called a 
chemical symbol or formula. We have learnt what a 
molecule is. Now small as molecules are chemists believe 
them to be made up of still smaller particles called atoms, 
but an atom cannot exist independently, as can a mole- 
cule. It is defined as the smallest portion of matter Uiat 
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caa enter into chemical combination, and to form each 
molecule of carbon dioxide, 1 atom of carbon has to 
combine with 2 atoms of oxygen. 

The presence of carbon dioxide in minces is unavoidable, 
this gas being produced, as we have seen, by the breath- 
* ing of persons and horses and the burning of lights. It 
is also produced by the decomposition of timber; in blast- 
ing; at undei'ground tires, and, as will be seen in the next 
chapter, in explosions of firedamp. It is given ofi* by 
coal as the seam is worked. 

Air containing more than a certain projiortion of this 
gas is harmful (§ 200). Certain percentages produce 
panting, headaches, sleepiness, and death. 

Carlxmic acid gas has no colour, therefore it cannot be 
seen. It possesses a slightly acid taste and smell, but too 
faint to serve as a means for its detection. 

Its presence is made known by its effect on lights. 
Pure carbon dioxide at once extinguishes lights, and the 
effect is the same, even if the gas is mixed largely with 
air. A lamp, then, eitheP burns feebly or is extinguished 
according to the percentage of carbonic acid gas present 
in the air. If there is a difficulty in keeping the light 
ill, then the gas is present to a dangerous extent, and the 
person should at once withdraw. 

It has been explained that this gas is about one and a 
half times heavier than air. Accumulations of it, there- 
fore, tend to sink down through the air, and gather in 
hollows and the lower parts of the workings of mines. 
Such places as sumps, the bottoms of sinking pits and 
wells require to be carefully tested, even if a brisk 
current of air is circulating. 

Preparation . — The apparatus is Jhe same as is used in 
the preparation of hydrogen (fig. 134). Instead of zinc 
a few marble chips are put into the bottle, covered with 
water, as was the zinc, and dilute hydrochloric acid added 
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little by little. The marble (a compound of calciuMi, 
carbon, and oxygen) is decomposed and carbonic gas 
evolved. Though very solubh^ in water, the gas may 
be collected in the same way as oxygen and hydrogen. 
T)ie cylinders when filled are jdaced mouth up, the glass 
discs covering the latter. Being so much heavier than " 
air, this gas may be collected by the displacement of air, 
the end of the delivery-tub(‘ dipping into a cylindei- con- 
taining air instead of into water. 

Experiments to illustrate Properties of Carbon Dioxide 

(1) It is incomb lostible and does not support com- 
bustion. The gas does not burn when a flighted taper 
is applied to it, and the taper is extinguished on being 
put into the cylinder. 

(2) Weight (a) See as to method of collecting by dis- 
placement of air. 

(6) A lighted taper introduced into a cylinder con- 
tinues to burn, showing that there is no carbon dioxide 
present. A cylinder of the gas is now emptied into first 
cylinder (pouring the gas do'vi'n like water) and light 
again introduced. Light is extinguished, carbonic acid 
gas being now present. 

(c) A beaker can be counterpoised on a balance and 
carbonic acid gas poured into the beaker; the pan carry- 
ing the beaker sinks down. 

(3) Carbonic acid gas turns lime water '' milky — 
Pour a little clear lime water into a cylinder and shake. 
There is no change; no carbonic acid gas present. Pour 
carbonic acid gas into cylinder, and again shake. lime 
water becomes turbid. The result of this experiment, 
it will be seen, verifies the conclusions of two previous 
experiments — that carbon dioxide is produced by the 
burning of coal, &c., in air (§189), and by breathing 
(§ 200 .) 

213. Blaokdamp, Chokedamp, Sti& or Stythe. — Fonneriy, 
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w^hen niinern used any of these terms, carbonic acid gas 
was understood to be the gas meant. Now “black- 
damp” denotes a mixture of nitrogen and carbonic 
acid gas. The ('fleet of tlie mixture on tliose breath- 
ing it and on liglits is similar to that of carbonic aoid 
* gas, but, nitrogen being lighter- than air, blackdamp 
weighs less than pure carbonic acid gas, and may even 
be lighter than air if it contains a large percentage of 
nitrogen, or if mixed with a little firedamp. It is very 
important to know this, as a light which burns near the 
door may be extinguished near the roof, owing to the 
presence of yackdamp. 

214. Carbonic Oxide (also called carbon monoxide and 
ivhitedamp, the latter being a mining name). — This gas, 
like chokedamp, is a chemical compound of carbon and 
oxygen, but contains only half as much oxygen as does 
chokedamp (§ lf)B). This is shown by its chemical sym- 
bol or formula, CO, denoting that the molecule consists 
of 1 atom of carbon combined with 1 of oxygen. 

Whitedainp is an extremely poisonous gas. Minute 
proportions in air arb dangerous. Happily it is not 
present to any extent in the air of mines under ordinary 
circumstances. It is produced in blasting, is found in 
afterdamp (chap, xxxii), and is given off at underground 
tires. Wherever carbon is burnt in an unlimited supply 
of air there is complete combustion, and carbon dioxide 
is formed; where the supply of air is limited the com- 
bustion is incomplete, and carlxin monoxide is produced. 
The presence of both blackdamp and whitedainp, then, 
may be suspected in cases of underground fires. 

Chokedamp, it has been seen, is not combustible, but 
if a light is applied to the mouth (;jf a cylinder of white- 
damp the gas takes fire and burns with a blue flame, 
forming carbonic acid gas. The blue flame often seen at 
the top of an ordinary fire is that of burning carbon 
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monoxide. A mixture of whitedamp and oxygen or a«r 
in certain proportions is explosive. 

This gas has neither colour nor taste, and may be 
described as possessing no smell. In its pure state it at 
once extinguishes lights. There is no ready way of 
detecting its presence. In special circumstances a mouse, 
carried in a cage, is used. The gas afiects a mouse much 
sooner than a man, and waiming is thus given of the 
presence of the gas. CO is little lighter than air (§ 187). 

Preparation, <&c . — Only a small (juantity of this dan- 
gerous gas can be prepared. Place in a tc^st tube a little 
sodium formate, add some strong sulphuric acid, and 
close mouth of tube with a cork fitted with a delivery- 
tube. Collect over wattir one or two test-tubefuls of the 
gas, avoiding any escape. On adding a little clear lime 
water to one of the test tubes, closing the mouth and 
shaking, there is no change. On applying a light the 
gas bums with a blue flame, and on again shaking the 
tube the lime water becomes turbid, showing that the 
burning of CO in air produces’ COj. It can be shown 
that the gas does not support co^nbustion by introduc- 
ing a light into it, the light being extinguished. 

215. Sulphuretted Hydrogen — This gas is also called 
hydrogen sulphide. Miners term it stinlcdamp. It is a 
compound of sulphur and hydrogen. Its chemical symbol 
is HgS, indicating that each molecule consists of 2 atoms 
of hydrogen combined with 1 atom of sulphur. 

Sulphuretted hydrogen is without colour, but has a 
very strong smell — like that of a rotten egg — the offen- 
sive smell of a bad egg being due to the presence of this 
gas within the shell. The smell serves as a means of 
detecting the gas. 

This gas, like carbon monoxide, bums with a blue 
flame (but does not produce carbon dioxide); extinguishes 
lights; and is very poisonous. Like carbon monoxide, 
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too, it is seldom present in the air of mines to any great 
extent. It is produced by the blasting of gunpowder 
and T^lasting powder and from the decomposition of sub- 
stances containing sulphur, such as iron pyrites, in con- 
tact with water. It is given off during underground 
fires, giving rise to the smell known as gob-stink or 
gob-fire, which warns us of the breaking out of such 
tires, and of the presence of whitedamp. Sulphuretted 
hydrogen is sliglitly heavier than air (| 187). 

Preparation,, &c. — Only a small quantity of this gas 
need be prepared. A small fragment of iron sulphide 
(a compound, of iron and sulphur) is put into a test tube 
and a little dilute hydrochloric or sulphuric acid added. 
Sulphuretted hydrogen is evolved, as shown by the 
offensive smell. If a lighted taper be applied to the 
mouth of the jar the gas burns. 


CHAPTER XXXIl 

GASES MET WITH IN COAL MINES-(Confmw«d) 
-COAL DUST 

Marsh Gas (firedamp) —Coal Dust 

216. Marsh Gas. — Other names for this gas are car- 
• buretted hydrogen, methane, and methyl hydride. The 
names firedamp, fire, and gas are also given to it, but 
firedamp is really a mechanical mixture of gases, and in 
some cases possesses a smell by which its presence can 
be detected. On the other hand, pure carburetted hy- 
drogen has no smell. The reast)^ why marsh gas is 
regarded as firedamp is because it forms such a large 
proportion of it, sometimes as much as 99 per cent. 
Firedamp is heavier than marsh gas, its average specific 
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gravity (§ 187) having been found to be about 0‘7. 
Firedamp is the most important gas found in mines, 
hence the name “gas”. Marsh gas is a cliernical com- 
pound of carbon and hydrogen. Its chemical symbol 
or^ formula is CH^, indicating that the molecule con- 
sists of 1 atom of carbon combined with 4 atoms of 
hydrogen. For practical purposes we may regard fire- 
damp and marsh gas as being identical. 

Firedamp is pent up in the poi-(is of the coal, and is 
given off as the seam is worked. It is a product of the 
decomposition of vegetable inattm-, and this accounts for 
its presence in coal seam.s. The name “marsh gas” 
arises from the fact that it is found in marshy places, 
bubbles of the gas ascending to the surface if the vege- 
table deposit at the bottom of a pool be poked with a 
stick. It is contained in some seams at great pressures. 
Different tests have been made, one pressure recorded 
being a little under 461 lb. per scpiare inch. 

Usually the firedamp exudes quietly from the coal, or 
with a sort of humming or singing noise. Where the 
pressure is great, pieces of coal ale sometimes forced off 
the, face. Blowers also occur where the pressure is great, 
the gas “ blowing out ”, or issuing with a hissing sound, 
in a more or less steady stream. Blowers may be small 
or large. In many cases outbursts have taken place. 
These are sudden outrushes of gas which has been im- 
prisoned in the seam. The gas bursts out the coal when 
the face approaches sufficiently near it. Outbursts from 
the roofs and floors of seams have also occurred. In 
seams liable to outbursts precautions are taken to guard 
against their occurrence. 

This gas is not found at all in some seams, or only to 
a small extent, having probably escaped into the rocks 
above or to the surface. In others it occurs abundantly. 
Generally the deepest seams contain the largest quantity. 
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When a seam contains much firedamp it is said to be 
“ fiery Sometimes in opening up a new district a seam 
is found to be fiery, and the remaining seams not so. 
This is probably due to the firedamp contained in the 
latter seams finding its way to the one first worked. 

Firedamp, being little more than half the weight of 
air, tends to lodge in cavities in th(‘. roof, and in the 
higher parts of the workings of mines. Sometimes 
special means have to be adopted to force it out of 
such places. 

This gas has neither colour nor taste and does not 
support con^bustion. Breathed in the })nre state it 
causes death, but is comparatively harmless when pre- 
sent in the air in small (juantities. It is especially 
dangerous because when present in the air in certain 
proportions it forms explosive mixtures, the name “ fire- 
damp” being given to it for this reason. 

The difference between ordinary combustion and that 
in which we have an explosion has been explained 
(§207'l. Now if we apply a light to a cylinder of fire- 
damp the gas at the rfouth of the cylinder, or in contact 
with the air, bums, giving us an instance of more or 
less slow burning, or ordinary combustion. On the 
other hand, if we introduce into a soda-water bottle 
air and firedamp, so that there is a certain proportion 
of each present, and apply a light to the mouth 
of the bottle, there is an explosion. Here the com- 
bustible substance (the firedamp) and the suppoHer of 
combustion (the oxygen of the air) are so intimately 
mixed, the molecules of each gas existing side by side, 
that when the light is applied the burning or com- 
bustion takes place at once and w,(i have an explosion. 

In the mine the explosive mixture of gases becomes 
ignited by the flame of a lamp or otherwise, and the 
force of the explosion is in some cases very gi'eat. 
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Timber is displaced, causing falls of roof; and door&, 
stoppings, and air-crossings (chap, xxxiv) are blown 
out. The most explosive mixture contains about 9| 
per cent of firedamp (or about 10| volumes of air to 
1 of firedamp), those proportions being such that there 
is just the necessary amount of combustible substance 
and supporter of combustion to cause perfect com- 
bustion. As the proportion of firedamp increases or 
decreases, the explosive action becomes less and less, 
until, when the percentage of firedamp is below 6 or 
above 15, the mixture wdll no longer explode. As we 
shall see in the chapter on “ Lighting ”, ,the presence 
of firedamp in the mine is detected by means of the 
“safety lamp”. 

Afterdamp . — The products of the combustion of fire- 
damp are carbon dioxide and water vapour or steam 
(which soon condenses into water), the carbon coni- 
bining with oxygen to form the CO 2 , and the hydrogen 
with oxygen to form the water vapour (§ 189). The 
nitrogen of the air is left. Usually carbonic oxide is 
also present, and the mixture of gases resulting from 
the, explosion of firedamp and air, with or without 
coal dust (or of coal dust without firedamp), can thus 
be seen to be of a very deadly nature. It is termed 
afterdamp. Of the lives lost in colliery explosions the 
greater number are due to carbon-monoxide poisoning. 
The danger from the presence of this gas, which, it has 
been shown, requires special means for its detection, lias, 
then, to be kept in mind in all rescue operations. See 
also § 215, underground fires. 

Preparation . — Marsh gas is prepared by heating 
strongly in an iron tube, closed at one end and fitted 
with cork and delivery-tube, and fixed to a stand, a 
mixture formed of sodium acetate with about thr^ 
times Its weight of soda lime. The gas is collected in 
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i^iie same way as hydrogen, similar precautions being 
taken to guard against explosions. 

Experiments to Illustrate Properties . — (!) To show 
injiammahility, dx. — Apply a light to a cylinder of the 
gas as in the case of hydrogen. Observe the non- 
luminosity of the flaiiu;. After the burning has ceased, 
pour a little clear lime water into the jar and shake. 
The lime water becomes milky, proving that carbonic 
acid gas has been produced. As the gas burns in the 
jar, moisture is deposited on the sides. 

(2) To 8h)W lightness. — Proceed as in the case of 
liydrogen. ^ 

(8) To show that a mixture of firedamp and air wUl 
explode. — Mix in a stout soda-water bottle, or explosion 
tube, one volume of marsh gas and ten volumes of air 
and apply a light. The mixture explodes. To guard 
against accident the bottle is wrapped in a towel. 

217. Coal Dust. — We learnt about this in chap. xxx. 
If a piece of coal be powdered and some of the particles 
thrown on to a bright fire, they sparkle like gunpowder 
and are instantly consumed., Coal dust is therefore an 
inflammable substance, as are many other dusts. Thus 
explosions have occurred in flour mills. In the mine the 
especially dangerous coal dust is the fine dust found on 
the roof, sides, and timbers. It is so fine that when dis- 
turbed it floats in the air and is therefore more easily 
ignited. The particles of coal dust contain combustible 
gases, as methane, and these are driven off* when the 
temperature of the dust is raised. This shows the 
danger of tamping shot holes with coal or coal dust. 

From what appears, then, in the present chapter and 
in chap, xxx, it is plain that in^a mine there may be 
explosions, (1) due to firedamp alone, (2) due to fire- 
damp and coal dust, and (8) due to coal dust without 
any admixture of firedamp. In regard to explosions 
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from coal dust alone, these, it is believed, can only take 
place under exceptional circumstances; but as such cir- 
cumstances, as we have seen, may arise in blasting, the 
necessity for the very strict rules already referred to is 
apparent. 

In some mines the dust on the main roads is kept 
damp by means of watering tubs, or pipes led along 
the roads. In the latter case compressed air is some- 
times used with the water to give a fine spray at 
the point of discharge. Sometimes part of the dust 
is removed, to render less damping necessary. Other 
methods of counteracting or minimizing, the danger 
are also in use. 


CHAPTER XXXIII 

ATMOSPHERIC PRESSURE 

The Barometer— RumpB—The Siphon. 

218. Pressure of the Atmosphere. — The atmosphere is 
the name applied to the air surrounding the earth. It 
is sometimes described as forming an ocean of air at 
the bottom of which we live and move. How far 
upwards the atmosphere extends is not known, but 
from the evidence afforded by meteors the distance is 
believed to be not less than from 200 to 300 miles. 

Now, since air has weight, or, in other words, is 
.subject to the pull of gravity, this “ocean of air”, or 
the atmosphere (to call it by its proper name), must 
exert a pressure on all objects exposed to it. This 
pressure is known as the pressure of the atmosphere ot 
atmospheric pressure. At sea level it amounts to abottt 
15 lb. on each square inch (more correctly 14*7 lb. per 
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St^uare inch) or nearly a ton per square foot. Accord- 
ingly, on the body of a man of average size there 
is an atmospheric pressure of about 14 tons. 

Under ordinary circumstances no one feels the atmos- 
pheric pressure, because every person’s body contai,ii8 
• gases and these exert a pressure which exactly balances 
the atmospheric pressure. Then the atmospheric pres- 
sure is (exerted eijually in all directions — upwards, 
downwards, &c. — and, of course, equal pressures acting 
in opposite directions (or against each other) neutralize 
each other, and a person can stand still or move about 
freely just if no atmospheric pressure existed. When 
wind blows, however, we do feel it (and wind is just 
aiv in motion), because the pressure is then greater in 
one direction than in another. Also we should feel a 
dirterence if v/c were to ascend a high mountain or be 
carried up to a considerable height in a balloon, because 
the atmospheric pressure decreases with the height, and 
our bodies being constructed to sustain a normal atmos- 
phi'ric pressure of about*15 lb. per square inch, a greatly 
reduced pressure affects us injuriously, as would also, of 
coui’se, a greatly increased pressure (§ 123). 

It having been mentioned that the atmospheric pres- 
sure decreases with the height, we will do well to note 
that this is only what is to be expected. The higher^ 
we ascend the more air is left below, and the upper 
air having, therefore, less weight of air above, is thinner, 
or more rarefied, and consequently exerts a smaller 
pressure than the air farther down. On the top of 
Mont Blanc, or about 3 miles above sea level, the pres- 
sure of the atmosphere is only about 7| lb. per square 
inch, while at a height of about ^7 miles the air is so 
thin that it is impossible to breathe. As we descend 
the pressure gradually increases until at sea level it is, 
as before stated, about 15 lb. per square inch. 
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Many different experiments can be performed to 
prove the existence of atmospheric pressure: — 

(1) Into a cylinder about 1 ft. lon^^ and 6 in. diaideter, 
made of thin tin, and having a tube soldered into an 
opening in one end, a little water is put. The cylinder 
is set upon a tripod over a bunsen burner or spirit lamp 
and heat applied until the water has been boiling for 
a minute or two, the steam escaping at the tube. A 
cork is now fitted tightly into the tube and the burner 
or lamp removed. After a short time the sides of the 
cylinder are crushed in. 

Nothing happens at first, because the pressure of the 
air inside the cylinder balances the pressure on the out- 
side. Heating the cylinder and converting the water 
into steam expels the air. After the cork is put into 
the tube and the source of heat removed the steam 
within the cylinder condenses, and there being now 
little or no pressure inside to support the sides, which 
are themselves not thick enough to withstand tlie atmos- 
pheric pressure outside, the cylinder is crushed. This 
experiment really illustrates that* the atmospheric pres- 
sure acts in all directions. 

(2) From the foregoing it will be evident that the 
experiment with the bladder (§178) also illustrates 

^atmospheric pressure. 

(3) Take a gla.ss tumbler with a smooth edge and fill 
it to the brim with water. Place a sheet of cardboard 
over the mouth of the tumbler, taking care to press 
it down very closely. Now with one hand turn the 
tumbler mouth down, keeping the cardboard in its 
place with the other. When the tumbler has been in- 
verted, remove the hand from the cardboard. It will 
be found that the latter remains in its place, and that, 
consequently, the water does not run out. This is owing 
to the atmospheric pressure, which, acting upwards on 

t «> 
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ths under side of the cardboard, supports both it and the 
water. This experiment shows that pressure is exerted 
in an*upward direction. 

219. Measurement of the Atmospheric Pressure. — The 



experiments described in the preceding paragraphs 
merely show that the atmosphere does exert pressure. 
They do not measure the amount o^ that pressure. To 
do this an instrument called a barometer is required. 
The following experiment enables us to undei-stand the 
construction and action of the barometer: — 

(CIM) 17 
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Take a glass tube about 36 in. long and closed at one 
end (ab, tig. 144). Fill it with mercury. Place the 
finger over the open end of tbe tube to prevent the 
mercury from running out, and turn the tube mouth 
down. Dip the open end, still covered by the finger, 
into mercury contained in a small glass cistern or basin;'- 
when completely immersed, withdraw the finger. Now 
note what happens. The tube being held vertically, the 
mercury might be expected to run out into the basin' 
but does not. It falls a short distance, but a long 
column remains. Now what supports this column? 
The answer is, that it is the atmo 8 pheri 9 pressure act- 
ing on the surface of the mercury in the basin. When 
the tube is filled with mercury all the air contained in 
it is driven out. Placing the finger over the mouth 
of the tube prevents any air from entering, and, conse- 
quently, when the mercury sinks down after withdrawal 
of the finger, the clear space AC at the top of the tube 
is completely empty. There being thus no pressure on 
the top of the mercury in the tube, the atmospheric 
pressure, acting on the surface' of the mercury in the 
b§,sin, keeps the column standing in the tube. Because 
the space at the top of the tube is quite empty it is 
oalled a vacuum, and because this experiment was first 
performed (in 1643) by Torricelli, an Italian philosopher, 
it is known as a Torricellian vacuum. 

Now some think at first that since there is no air. 
and no pressure above the column of mercury in the 
tube the atmospheric pressure ought to force up the 
mercury and fill the whole tube, but that is a mistake, 
If the atmospheric pressure could fill the whole tube 
with mercury it would do so, but it is not able. The 
reason is, that mercury is a very heavy substance, about 
thirteen and a half times heavier than water, and, of 
course, the atmosphere is only able to support a column 
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etjual in weight to its own pressure. The height of the 
column at sea level is found to be on the average about 
30 in., corresponding to an atmospheric pressure of 
14’7 lb. per square inch. 

If tlie length of the tube were less than the lieigkt 
of the column of mercury which the atmosphere is able 
to support, then no vacuum would be formed; but such 
a tube would be useless, as we could not get from it the 
true height of the mercurial column. Then the tube 
must be longer than 30 in., because*, owing to changes 
in the temperature of the air and in the amount of 
watery vapoiu' contained in it, the atmospheric pressure 
is not always the same at the same place and may be 
more than 14 7 lb. per sejuare inch, the column of mer- 
cury then standing higher than 30 in. In this country 
the changes of atmospheric pressure are such that the 
height of the column of mercury varies from about 
28 to 31 in. 

It is easy now to understand how the amount of the 
atmospheric pressure is ascertained. The column of 
mercury in the tube being supported by the atmospheric 
pressure — rising when the atmospheric pressure., in- 
creases and falling when it decreases — is always a mea- 
sure of that pressure, and all we require, to be able to 
tell the atmospheric pressure in inches of mercurial 
column, is to have a tube such as the one described 
fitted to a wooden frame, and having a scale marked 
in inches and tenths by which the height of the mer- 
curial column can be read. Such an arrangement con- 
stitutes an ordinary barometer, hence we say a barometer 
is an instrument for measuring the atmospheric pres- 
sure. 

Wheel, cfcc., Barometers . — Sometimes by a modification 
in the construction of the barometer a pointer is made 
to revolve on a dial, and we read the inches of mercurial 
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column from a scale marked round part of the circumfcr* 
ence. This is termed a wheel barometer. Then, instead 
of mercury, water ini^lit he used to till the tube.' But 
since water is about thirteen and a half times lighter 
than mercury the atmosplieric j)ressure could support 
a column thirteen and a half times higher than the 
column of mercury, or about 34 ft. at sea level. The 
tube, then, for a water barometer ccjuld not be less than 
34 ft. hij^h, and that would be inconvenient. In another 
barometer, called the aneroid barometer, no mercury cr 
other liquid is used. 

220. Reading the Barometer. — Ordinarily peophi use 
the terms “barometer” and “glass” instead of mercurial 
column. Thus, if the atmospheric pressure is increasing, 
and the mercury consequently rising in the tube, we say 
“the barometer is rising”, or “the glass is going up”, 
&c. Or, if the mercurial column is falling (due to 
decrease of atmospheric pressure), we say “the baro- 
meter is falling”, or “the glass is going down”, &c. 
Then when the atmospheric pressure remains unchanged 
for a time, so that the mercurial column neither rises 
nor falls, we say “ the glass is steady”, or “ the barometer 
is^steady”, &c. Again, such phrases as “the barometer 
is high”, “the glass is high”, &c., mean that the mer- 
curial column is standing high (denoting a high atmos- 
pheric pressure), the converse phrases “the barometer 
is low”, &c., being used when the mercurial column 
is low (denoting a low atmospheric pressure). 

Taking the height of the mercurial column is call^ 
“reading the barometer”, the determination or number 
of inches at any time being termed a “ reading”. Usually 
before reading the barometer we tap it gently. This is 
to loosen the mercury, the surface of which may be 
adhering to the sides of the tube, and thus preventing 
the column from adjusting itself to the level required 
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by the atmosphefic pressure. Tapping the barometer 
enables the correct reading to be obtained. 

Now when a person reads the baromet(ir and finds 
it to be standing at, say, 29 5 in., or any number of 
inches, the corresponding atmospheric pressure can fje 
•obtained by multiplying the number of inches by 049, 
the weight of a cubic inch of mei'cury. Thus, if the 
height of the mercurial column were 30 in., then the 
corresponding atmosjdieric pressure would be 30 x 0‘49 = 

1 •t'? lb. per 8(piare inch. But usually no one troubles to do 
this. All we rec^uire to know is whether the atmospheric 
pressure is hjgh or low, or is increasing or decreasing, 
and therefore it is suilieient merely to note the readings 
of the barometer. Thus, il the barometer reads 29’5 in., 
and, later on, say 29’8 in., then 30 in., we know the 
atmospheric pressure is increasing, and, similarly, if it 
reads 30 in., or any number of inches, and then on 
tapping, the mercury stands at a lower level, we know 
the atmospheric pressure is decreasing. By observations 
of the barometer at brief intervals it can be seen that 
the atmospheric pressure is continually changing. 

221. Measurement of Heights by the Barometer.— The 
atmospheric pressure, as has been explained, decreasing 
with the height, there is less and less pressure, as we 
ascend, to support the mercurial column, and therefore 
the latter grows gradually shorter. Hence if a baro- 

• meter be read at sea level, and then at the top of a 
mountain, or other elevated position, the second reading 
will be found to be less than the first. Again, when 
a barometer is taken down a deep shaft the reading 
at the bottom of the shaft is greater than at the top. 
Thus the barometer can be used f^r measuring heights. 
Roughly, for each 900 ft. of ascent the barometer falls 
1 in., and for each 900 ft. of descent it rises 1 in. 

222. The Barometer at Mines.— See G.R. 33. We know 
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that when the pressure on a gas is reduced the ges 
expands. Accordingly, when the atmospheric pressure 
decreases, the gases contained in the goaves or wastes, 
&c., tend to come out into the workings and roadways 
of the mines. The idea, then, is that the barometer, 
by indicating the atmospheric pressure, gives warning 
of when this is likely to take place. The gases, how- 
ever, being so much lighter than mercury (firedamp 
is about 20,000 times lighter), are more sensitive and 
may respond to the change of atmospheric pressure 
before this can be seen by the falling of the mercurial 
column in the barometer, and therefore the latter can- 
not be relied upon as forewarning the issue of the 
gases. Then many explosions have occurred in mines 
when the barometer was high, or when it was rising, as 
well as when it was low, or falling; and accordingly the 
discipline of the mine has to be maintained at all times, 
every person observing faithfully the rules. In the 
newspapers Colliery Warningi^ appear at intervals, 
referring to the state of the atirtosphere as regards pres- 
sure and the dryness of the air, and warning miners to 
be on their guard against explosions of firedamp and 
coa*i dust, but, as has been said, proper care is necessary 
at all times. 

When the barometer is low, a less weight of air passes 
into the mine in a given time, and such also is the case 
when the temperature (as shown by the thermometer) 
is high. Usually when the thermometer rises the baro- 
meter falls, and vice versa. 

223. Pumps. — We must now consider the action of the 
suction and force pumps, and also that of the siphon. 

The common or suction pump is shown in fig. 145; 
B is the bucket, a piston having two valves or lids 
opening upwards; WB is the working barrel or part of 
the pump in which the bucket is moved up and doWB 
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means of the 'pum'p-rod R — it is an air-tight cylinder 
into which the bucket fits closely; S is the spout or 
delidhry pipe] and sp the suction pipe, at the top of 
which is the suction valve or clacJr, this, like the bucket 
valves, opening upwards. At L 
• is seen the surface of the water 
to be pumped. 

Now the water in the work- 
ing barrel is carried up by the 
bucket in its upward stroke, 
flowing out at the spout; but 
evidently some force is necessary 
to raise the water into the work- 
ing barrel. This force is sup- 
plied by the atmospheric pres- 
sure, which we have seen is able, 
at sea level, or when equal to 
about 147 lb. per square inch, 
to support a column of mercury 
30 in. high, or a column df water 
34 ft. high. * 

Suppose the bucket to be at 
the bottom of its stroke, and the 
pump to be full of air at atmos- 
pheric pressure, the water in the 
suction pipe, therefore, standing 
• at the level L. Now let the Fig. 145.— ComiuoM I'uinp 

bucket begin its upstroke. A 

vacuum tends to be formed below it, and the pressure 
of the air in the suction pipe forcing open the suction 
valve, some of the air passes up through into the working 
barrel. The air thus expanding, ^ts pressure is reduced 
to less than that of the atmosphere acting on the surface 
of the water outside at L, and the water is consequently 
forced higher up the suction pipe. On the buck^ 
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commencing its downstroke the suction valve closes, 
and the air which passed into the working barrel, being 
thus imprisoned, forces open tli(‘ valves of the desdend- 
ing bucket and escapes up through. The bucket valves 
close on the upward stroke being commenced, and the 
air which passed up through it is lifted with the bucket. 
A vacuum tends to be formed underneatli the ascending 
bucket, as beforii, and more air passes into the working 
barrel from the suction pipe, th(‘ pressure being thus 
still furtlier reduced, and the atmosplieric pressure, 
which continues steadily to act on the surface of the 
water to be pumped, forcing tin* water higher up the 
suction pipe. 

Thus witli each upward stroke of the bucket the air 
is taken out of tlie pump and the water forced higher 
and higher, until it and not air passes into the working 
barrel. Water is now raised by the bucket — being 
forced up into the working barrel by the atmospheric 
pressure during e.ach upstroke and carried up by the 
bucket in the following upstroke. This continues as long 
as the pump is working. Of course if the pump is full 
of water at the start it will begin to pump water right 
off, ‘and not air. 

Thus we see the action of the common or suction 
pump depends upon the atmospheric pressure, Torricelli’s 
experiment showing us the height to which the atmos- 
yjheric pressure can force up the water, namely, the height 
of the water barometer, or about 34 ft. The reason why 
water cannot rise higher in a pump than this was not 
known until the time of Torricelli’s experiment. In 
practice it is found that the top of the working barrbl 
must not be as much as about 34 ft. above the lowest 
level of the water to be pumped. This is owing to the 
loss of vacuum due to air entering with the water, and 
also through the joints of the pipes, if these are not 
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perfectly air-ti^ht. Then there is the friction of the 
valves and of the water in the pipes. About 28 ft. 
in practice is the heiji^ht to which the atmospheric 
pressure can force up the water, and in order that the 
pump may woik w(dl tlie top of the working barrel 
is not placed moi-e than about 21 ft. above the lowest 
surface of the watei*. This height is sometimes termed 
the height of the suction, and, of course;, will be less in an 
elevat(;d position than at sea level, because, as we have 
seen, the atmosphei-ic pressure d(‘creases with the height. 

In tig. 145 the deliveiy pip(‘ is shown at the top of 
the working barrel, but in large pumps fixed in mine 
shafts pipes,* joined end to (aid, extend from the top 
of the working bai-rel up the shaft. These are called 
delivery pipes, stocks, or trees. At the top of the work- 
ing barrel is tlu' bucket door-piece, the door (termed the 
bucket door) giving access to the bucket; while at the top 
of the suction pipe is the clack piece, also provided with 
a door, called the clack door, to give access to the clack. 
The pump-rods or spears are connected to the bucket 
by the hucket-svmrd, work up and down, usually 
inside the delivery pipes. The suction pipe is joined 
to the clack piece; the lower end has a number of holes, 
instead of being open, as shown in fig. 145, to prevent 
large pieces of solid material from entering with the 
water, and is called the windbore or snore. 

224. Force Pumps. — Force pumps are of two kinds, 
viz. those which pump water during only one stroke, 
termed single-acting force pumps (fig. 146), and those 
which pump it during both strokes, giving a continual 
flow, known as double-acting force pumps (fig. 147). 

Contrasting the single-acting fpree pump with the 
bucket pump we see that it has a plunger or ram 
(P, fig. 146, or a piston, as shown in fig. 147), instead 
of a bucket, and a casing or ram chamber. The casing 
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is provided at the top, A, with a glaml and stnffi,ng hov 
through which the plunger works up and down. There 
are suction pipes and a suction valve as in the bucket 
pump, and a delivery valve, DV, opening outwards, where 
the water passes from the casing into the delivery pipes. 



Now on tlui up- 
stroke of the plun- 
ger the atmos- 
pheric pressure 
forces water up 
into the casing, tlie 
suction valve open- 
ing upwards, just 
as it forces it into 
the working barrel 
of thebucket pump. 
Then on the down- 
stroke of the plun- 
ger the suction 
valve closes ‘and 
the water is forced 
through the de- 
livery valve and up 
the delivery pipes. 
Thus, instead of 
lifting the water 



Fig. l47.~Double-ftcting 
Force Pump 


(as we have seen 


the bucket pump does), after it has been raised into the 
barrel or casing by the atmospheric pressure, the force 
pump forces it up to the surface or required level The 
same rules apply in regard to the height of suction as 
in the case of the bucket pump. 

The double-acting force pump has four valves, two 
suction (a, b', fig. 147) and two delivery, B, a'. On the 
Upstroke of the piston A, a' are open and B, b' cloi^d« 
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the water in the casing above the piston being forced 
through a' and up the delivery pipe, while at the same 
time* the atmospheric pressure is forcing water up sp 
and through A, into the casing, for the next downstroke. 
On this commencing, A, a' close and n, n' open, the water 
below the piston being forc(‘d 
through B and up the delivery 
pipe, the atmospiieric pressure 
forcing water up sp and through 
b', into the casing, for the next 
upstroke. 

225. Air Vessel. — Force pumps 
are often provided with an air 
vessel, or chamber containing 
air (K, fig. 148), fitted to the delivery pipe. During the 
stroke of the piston the air in the chamber is compressed 
by the wat(*r, and when the piston stops to change the 
direction of its stroke, the air regains its former volume, 
thus keeping the water moving and preventing shocks 
to the pump consequerft on the 
stoppage of the flow. Where 
there is an air vessel on a pump, 
means have to be taken to keej) 
it supplied with air. 

226. The Siphon. — The siphon 
(fig. 149) is an appliance for drain- 
ing water from a higher to a 
lower level over an intervening 
height. It may be a bent tube, 
but as used in a mine consists of a number of pipes 
joined end to end. The end- which dips into the water 
to be removed is called the suction end, and usually 
contains a light clack, which closes and prevents the 
water from running out when the siphon stops working. ' 
The other end is called the delivery end, and is fitted 
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with a plug or a tap, by which the flow of water caw 
be regulated. 

The fiiphon must be filled with water (or all the* air 
pumped out) before it will act, the water, in a mine 
siphon, being introduced at the highest point by the aid 
of a pump or oth»n‘wise. On the delivery tap being 
opened the water runs out, tending to form a vacuum 
at the highest point, and tiie atni()s[)heric pressure acting 
on the surface of the supply water forces water up the 
pipes and the flow continues. 

Since the action of the siphon, them, depends on the 
atmospheric pressure, the vertical height of the elevation 
(or ridge) over which the water is conveyed obviously 
must not exceed tlie lieight of the water barometer 
(34 ft.), while in practice it must not bo more than the 
“height of suction” in pumps. For efficient working the 
siphon must be well laid and the joints of the pipes 
air-tight. Where necessary, cocks are provided for the 
outlet of air, and to prevent air entering at the delivery 
end the latter is sometimes made"to dii) into water. 


CHAPTER XXXI V 

VENTILATING THE MINE 

Vitiation of the Air in Mines— Distribution of the Air- 
Downcast and Upcast Shafts — Intake and Ketum Air— 
Doors- S toppi ngs. 

227. Vitiation of the Air in MineB. — Ventilation means 
the constant exchange of pure for impure air. In a 
mine, as has been seen, the air is rendered impure in 
various ways: the gases given off by the strata j, the 
breathing of persons and horses — this deprives the ait 
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(3tf oxygen and prodnceH carbonic acid gas; the burning 
of lights, which has the same effect as tlie breathing of 
men and horses; the oxidation of the coal and timber, 
which also deprives tlui air of oxygen and produces 
carbonic acid gas; the gases resulting from blasting 
operations; and the dust produced in boring, &c. Ac- 
cordingly, to keep the min(i in a fit state for travelling 
and working in, a large amount of air must be con- 
tinually passing thiough it ((l.H. 1). In the present 
chapter the method of distributing the air in the mine 
will be dealt with; in the next chapter will be ex- 
plained how^the current is produced and how measured. 

228. Distribution of Air in the Mine. Downcast and 
Dpeast Shafts. Intake and Return Air. — In all places 
to be ventilated therci must be at least one entrance 
for the pure air and one outlet for the impure air. As. 
has been seen, it is compulsory in ordinaiy circumstances 
to have at least two shafts or openings to every mine. 
One of these openings or shafts is used as the entrance 
for the fresh air and The othei’ as the outlet for the 
impure air. The shitft by which the fresh air enters 
the mine is called the downcast shaft, and that by which 
the impure air leaves, the upcast shaft. Usually* the 
fresh air is called the intake air or intake current, and 
that which enters the upcast the return air or return 
current 

229. Doors. — When the pure air reaches the bottom of 
the downcast shaft it would naturally take the nearest 
way to the upcast shaft if not prevented. The nearest 
way would be through the “ communication ” or passage 
connecting the two shafts (§113), and this, therefore,, 
must be stopped or closed in som^^ way. A brick wall„ 
called a stopping, might be built across it, but as the 
mine officials have frequently to pass from the one shaft 
bottom to the other, doors are used (figs. 150, 113). 
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These doors, termed trapdoors (or ventilating doorS), 
are constructed to open against the current, that is, 
towards the intake current or in the direction of the 
fresh air. As will be seen in the next chapter, the 
iiltake air has a far greater pressure or force in it than 
the return air, and if the trapdoors were arranged to 
open towards the side on which the W(iaker current is, 
then they could never be kept shut, but would be blowYi 
open by the superior pressure in the fresh-air current. 
For this reason all trapdoors in a mine are arranged to 

open towards the in- 
take ci\n-ent. 

In the “communi- 
cation”, and in all 
important situations 

Fig 150.— Directing the Air Current wllCre trapdoOrs are 

D, Downcast; u, upcast , g, doors; s, stopping, required, at Icast tWO 
Arrow. jj 

only one were used, 
then the air would rush througli it when open, and the 
supply be cut off other places, perhaps involving great 
danger to the workmen. With two doors this is im- 
possible, as one will be closed when the other is open, 
the distance between the doors being made great enough 
to permit of this. To guard against any chance of a 
door being left open they are built or “ liung ” so that 
they close of their own accord. But of course this must 
not be depended upon, and everyone passing through a 
trapdoor must see that it is perfectly closed. Any person 
carelessly leaving a trapdoor open which is intended to 
be shut is severely punished, and deserves to be. 

Near the working faces doors would be inconvenient, 
and, as the air currents are feebler than nearer the shafts, 
brattice cloth or canvas (§ 235) is used instead. It is cut 
the full height and breadth of the road and nailed to a 
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<?rowntree. Where one thickness of cloth would be in- 
sufficient then two are used. Sometimes these substitutes 
for doors are called “screens”, and sometimes double 
screens are used, with a short distance between them. 

230. Stoppings. — Stoppings liave already been men- 
tioned in this chapter. Like doors and screens, their 
use is to guide the air along the course it is required to 
travel (figs. 150, 104). Doors or screens arc employed 
at all places in the mine where it is necessary to pass 
from the intake to the return air. Where no such com- 
munication is re(juired stoppings are used. On the main 
roads these, are generally of brick, or rubbish, with a 
brick wall on the side next the intake, while nearer the 
faces wood is sometimes used. All stoppings are built 
across the full breadth and to the full height of the 
roadway. They require to be perfectly air-tight, so that 
no portion of the intake current may find its way 
through and escape to the upcast shaft without ever 
going near the working faces. 

231. Intake and Return. — The fresh air, being unable 
to find a direct way *to the upcast shaft (on account of 
the doors in the communication), must pass along the 
roadways leading from the downcu,at .shaft through the 
workings, and back along the roadways leading to the 
upcast shaft — stoppings, doors, and screens being put in 
wherever required. And just as the fresh air, or ingoing 
current, is termed the “intake air”, ,so the roads along 
which it travels are called intakes or intake airways, 
the roads or passages by which ‘the return air passes to 
the upcast being termed retun'ns or return airways (figs. 
150, 113, 104). Thus we see the roadways on which the 
traffic of the mine is conducted s^rve also as the airv^ays 
or channels for the passage of the air currents. The 
rfiain intakes and returns are the roadways leading ftw 
the downcast and upcast shafts respectively. They are 



256 , , FIRST STEPS IN COAL MINING 

called so because the whole of the air required for the 
ventilation of any district of the mine must pass along 
them. 

232. Splitting the Air. — At one time it was the custom 
to ventilate the mine by one current of air only. The 
air after it left the downcast shaft was guided round the 
workings and then passed up the upcast shaft. All the 
impurities of the mine thus entered the one current, 
which accordingly became very foul. Btisides, the method 
did not permit of an ade(juate supply of air being 
carried into the mine, and was very dangerous. It has 
therefore been abandoned in all important qollieries, and 
a system called splitting the air adopted. In this method 
some of the air after it comes down the downcast shaft 
goes in one direction and some in another, forming dis- 
tinct currents, or the one current sjdits into two or more 
currents (fig. 113). Each of the currents is a “split", 
and ventilates a separate district of the mine. Each, 
therefore, has its own intake and return, and is quite 
independent of the other splits.' 

Splitting the air can be understood to possess many 
advantages over the old method of passing the air through 
the^mine. The quantity of air is increased and the at- 
mosphere made fresher and purer. Also it is much safer, 
and the velocity of the air currents is greatly reduced. 
“ Sub-splits " are also used, that is, a main current being 
divided into two or more smaller ones. To obtain the 
best results from splitting, certain rules require to be 
observed. 

233. Regulators. — In splitting the air in a mine the 
workings in one ventilating district may be much farther 
from the shafts than those in another district, and just 
as the air would proceed direct from the downcast shaft 
to the upcast if not prevented, so the district nearer the 
shafts might receive more than its proper share of air. 
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^Iso one district may re(juii-e more air than anotlicr. To 
ensure, therefore, that each receives its proper amount, 
reg'uiatorn are, if necessary, used. These are simply 
ordinary doors or stoppings liavin^ openings fitted with 
sliding shutters. One is placed usually in tin; return air- 
way of th(‘. district leceiving too much air. By moving 
the shutter the siz(* of the opening can be regulated until 
only the reipiired amount 
of air is passing, hence 
tlie name “ regulator ”. 

Regulators, however, are 
only used where abso- 
lutidy necessary. 

234. Air Crossings. — In 
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the ( irculation of the air in mines it is sometimes neces- 
sary for the intake and return currents to cross each 
otlier (fig. 113). When that is the case the two currents 
must on no account become intermixed. The one cur- 
rejit, therefore, must pass over or under the other, and 
for this purpose air crcMsings are employed (figs. 151, 
152). These are really 
just air bridges. In most 
CAses the return current 
is made to pass over the 
intake, the crossing be- 
ing then called an “over- 
cast When the return 
current passes under the intake the term “ undercast ” is 
used. 

Air crossings are of various forms and degrees of 
strength. A type much used is shown in fig. 151. It 
consists of straight sidewalls of bricjc, on which tongued 
and grooved planks are laid transversely and plastered 
over with lime. Sometimes instead of the wooden top 
an arch of brick is built (fig. 152). 

(OIM) 18 



Fig. 162.— Arched Air CroBBing 
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“Natural air crossings” are formed by driving the 
return through the solid strata above the intake. These 
are very strong but very expensive, and are rarely used. 
All air crossings must, of course, be perfectly air-tight. 

,235. Brattice and Air Pipes. — What brattice is we have 
already learnt (§174 and %s. 123, 150). It may be 
of cloth, wood, or brick. At the faces it is usually cloth. 
Props are set up, brattice deals nailed to the tops and 
bottoms of the props, close to the roof and floor, and 
the cloth secured to the deals. Thus “cloth brattice” 
is really a combination of wood and cloth. The latter 
requires to be very carefully flxed to prevent the air 
from escaping to the other side, and thus never reaching 
the face. Brick brattice is only used in very important 
situations, such as a long stone drift. 

Instead of using brattice the air is sometimes taken 
ijito the face through pipes called air pipes or air tubes. 
These are usually constructed of .sheet iron or wood. 


CHAPTER XXXV 

VENTILATING THE MIN E-(Contmu€d) 

Production of Air Current— Funiace Ventilation— Fans — 
Natural Ventilation— Steam Jet and Waterfall— Measurement 
of the Pressure Producing Ventilation — Measuring the Air in 
the Mine. 

236. Production of Air Current. — In all cases ventila- 
tion is the result of difference of pressure, the air travel- 
ling from the place of greater pressure to the place 
of less (§218). In a mine the place of greater pressure 
is the downcast shaft, and the place of lesser pressure 
the upcast shaft. The air therefore passes frpm the 
downcast shaft to the upcast, being guided wherever 
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Required, as we have seen, in the course of its journey 
through tlie mine. 

6ow the Difference of Pressure Necessary to Produce 
Ventilation is Obtained. — In both shafts there is the 
atmospheric pressure, and the difference of pressure 
necessary to produce ventilation is obtained by de- 
creasing the atmosplieric pressure in tlie upcast shaft 
or by adding to the atmospheric pressure in the down- 
cast shaft. The first is the more general method. In 
regard to the means adopted for bringing about the 
difference of pressure, fuTmaces were employed in early 
times, and stjll are in some cases; in all new coal mines, 
however, machines called fans are installed on account 
of their greater safety and general superiority. 

A current of air may also pass through a mine natu- 
rally, known as natural ventilationy or a difference of 
pressure be brought about by having a steam jet in 
the upcast shaft or a waterfall in the downcast shaft. 
Machines called displacement machines have also been 
used. When the ventilating current is made to pass 
through the mine by a machine, as a fan, &c., it is 
termed mechanical ventilation. 

237. Furnace Ventilation. — In early times a fire-lamp 
was suspended in the upcast shaft, then furnaces came 
to be built near the bottom of the upcast, though in 
some shallow mines a firegrate was merely let into 
the brickwork of the shaft, and the miners as they 
ascended threw a piece of coal on to the fire. 

Furnaces are constructed in such a way as to guard 
against the strata catching fire. On each side is an air 
space (fig. 153), and between the strata and the walling 
sand is packed. The return air pateses over the fire and 
along the air passages at the sidea Where, however, 
the return air is so highly charged with inflammable 
gas that it would be dangerous to pass it over the tire, 
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then it must be sent into the upcast by another passage^ 
called a dumb drift (G.R. 2 and fig. 154). In this case 
fresh air may have to be brought from the downcast 
to feed the furnace, which is thus less efficient. 

^hen tlu‘ furnace is large it is fired at the sides as 
well as from the front (fig. 153). Tn one furnace at 
present in operation the length 
of tlie firegrate is 60 ft. and its 
breadth 11 ft. Tlie passage 
leading from a furnace to the 
upcast is usually called the fur- 
nace drift; it rises ,towards the 
shaft 



Fig. 163. -Plan of a Furnace 



A furnaci; reduces the atmospheric pressure in the 
upcast shaft by heating the air, thus expanding and 
making it lighter, volume for volume (§181). Tlie 
heated air ascends the upcast shaft, and the colder and 
heavier sinks down tlie downcast and flows through the 
mine to be heated in its turn. 

238. Fans.— Fans are of two kmda— exhaust and com- 
press (also called force fans). An exhaust fan reduces 
the atmospheric pressure in the upcast shaft by making 
the air lighter; a force fan adds to the atmospheric pres- 
sure in the downcast by compressing the air, thus making 
it more dense or heavier. 

In this country exhaust fans are generally employed. 
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Tlic fan is placed a short distance away from the top of 
the^ upcast shaft, and is connected to it by a pavssa^e 
termed the fan drift ((J.R. 3). The air passes from the 
upcast into tlie fan drift, tluaice into tlie fan (fi^. 155), 
the moutli of the uj)cast bcnn^ kept covered to prevent 


any air entering from tlie sur 
ber of blades (fie IT)!!), and 
both sides, an openin^^, terme 
sion of th(i air from the fan 
drift. It is made to re\ olve. 



face. The fan has a num- 
at the centre, on one or 
d the inlet, for the admis- 



and the air entering at the centre is carried round lie- 
tween the blades and finally escapes at the circumference. 

All bodies which are made to move in a circle have 
a tendency to fly off (in a straight line), just as in the 
case of a stone in a sling. This tendency is called 
“centrifugal force”, and as the air moves out from 
the centre of the fan to the circumference because of its 
centrifugal force, fans are consequently known as centri- 
fugal ventilating machines. The outward movement of 
the air from the centre of the fan to the circumference, 
and its flying off there, reduces thc» pressure at the centre 
of the fan and more air enters from the fan drift. This 
continues as long as the fan is working. The pressure 
being reduced, the upcast air expands and becomes lighter 
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and the colder and lieavier air in the downcast sinks 
down and flows through the mine to the upcast. 

Tliere arc many diflerent makes of centrifugal fans. 
Most of these are enclosed in a casing (flg. 156). The air 
after it hiaves the fan at the circumference passes into 
the atmosphere by means of an expanding chimney. This 
chimney, being of increasing area, gradually reduces the 
velocity of the air as the latter moves to the outlet. 
Fans such as these are called enclosed fans, examples of 
which are the Guihal, Cockson, Walker, Schiele, Capell, 
and Sirocco fans. The Waddle fan is constructed so 
that tlie air passes direct from the circun\ference into 
the atmosphere. It is therefore termed an open-run- 
ning fan. The Waddle, Guihal, Cockson, and Walker 
are large fans running at comparatively slow speeds; 
the others named are small, (|uick-running fans (making 
a large number of revolutions per minuttj). 

Running through the centre of the fan is the shaft 
by which it is revolved (flgs. 155-6), the blades being 
connected to this. Some fans are driven direct, that 
is, the engine is coupled direct Vo the fan shaft, but 
high-speed fans are usually driven by ropes or a belt 
passing from a wheel on the engine to a pulley on 
the fan shaft. When a fan has one opening for the 
admission of the air it is termed a single-inlet fan; 
when it has one on each side, a double-inlet fan. Small 
fans are now often employed underground for venti- 
lating stone drifts, &c. 

239. Natural Ventilation. — If we have two shallow 
shafts at considerably different surface levels (fig. 167) 
a current of air may pass through the mine naturally. 
This is owing to the difference of temperature between 
the strata and the air on the surface. The temperature 
of the strata increases with the depth, and in winter tjie 
air in the deeper shaft will be warmer and less dense 
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^han that in the ahallower shaft. A current of air v/ill 
therefore flow down tlie ahallower shaft and up the 
deeper shaft. But in summer the air outside the mine 
will be at a hi^dier temperature than the strata, and 
the air in the deepei- sluift consequently colder and 
more dense than that in the shallower shaft. The 
former will, therefons now be tlu; 
downcast and the shallower shaft 
the upcast. Thus there is a re- 
versal in the direction of the cur- 
rent. Again, if the (‘xternal air 
is at the same temperature as th(‘, 
strata, no current will pass at all 
Thus natural ventilation ainnot 
be depended upon, and artificial 
vemtllation (fans and furnaces) is 
necessary. 

It should be observed that tin* 
temperature of the air in mines is 
increased by the burning of lights, 
and by the heat from men’s bodies, 

&c., as well as by that of the strata. ^ 

In a deep mine the temperature of the strata will usually 
be higher than that of the air outside the mine. 

The steam-jet and waterfall are only used in modem 
coal mines in cases of emergency, as on a sudden stop- 
page of the fan. At some collieries, however, duplicate 
ventilating appliances are installed. It is interesting to 
note that when the steam-jet was introduced it was in- 
tended to supersede furnaces. It was, however, found 
to be less efficient, and did not come into general use. 

240. Measurement of the Pressure Producing Ventilation. 
— The pressure, or rather difference of pressure, producing 
ventilation is measured by an instrument called a water- 
gauge. This consists of a U-shaped glass tube (fig. 158) 



Fig. 1B7. -Natural Ventila- 
tion due to Difference of Sur- 
face Level 
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containing a little water, and having attached to it fe 
movable scale marked in inches 
and tenths. One end of the tube 
is open to the intake air, and the 
other end to tlie return air, by a 
pipe fitted totliiscnd being passed 
through a door si'.parating intake 
Fig i.w-Water-gangc and return. The greater pres- 
sure in the intake air depresses 
the water- in the l(‘g of the tube open to it, and conse- 
quently i-aises it in the other. The difference of level 
of the water in the legs is read by means the scale. 
One inch difference of level is equal to a ventilating 
pressui-e of 5-2 lb. per square 
foot, 2 in.= 2x5-2 = 10-4 lb. 
per- square foot, and so on. 

Usually the ventilating 
pressure is just spoken of as 
so many inches of water- 
gauge, or so many inches of 
W.G., without troubling to 
find the equivalent pressure 
in pounds per square foot. 
Improved forms of water- 
gauge^ are now in use. 

241. Heasiiring the Air in 
Kig ].59.-AneiHomctoi the Mine. — The quantity of 
the air in the different splits 
is measured regularly (G.R. 1). For the purpose of 
ascertaining the velocity of the air current an instru- 
ment called an anemometer is used. This has a number 
of vanes (fig. 159) on which the air acts, driving them 

> The action of the water-gauge la Jlluatratoil by mcnns of a three-nocked Wonlfe'* 
bottle. Into the middle neck of thia ia fitted a auitably bent glaaa tube containing a 
little coloured water, and Into each of the other necka a short straight tube, llie 
nresaure inalde the bottle la made leas than that outside by gently sucking a place of 
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r®und as the wind does the sails of a windmill. Wheel- 
work is set in motion which in turn actuates pointers 
on dials, the last-mentioned recording the velocity of the 
air current. The velocity of the current in feet per 
minute multiplied hy the sectional area in square feet 
of the airway at th(‘ })oint where the observation is made 
gives the number of cubic fe(‘t passing in one minute. 

The iustrunnnji, suspended at the end of a stick, is 
held in the current for a certain time. With some 
anemometers a watch is necessary, others are self- 
timing or provided with a sandglass. The air moves 
fastest at the centre of the roadway, the resistance 
being less tlume than at the sides, and to obtain the 
correct velocity the average of readings in different 
jjositions is taken or the instrument moved slowly over 
the cross section of the passage. A part of the airway 
of uniform si'ction, easy to measure, is chosen, and the 
operator has to keep in one position as much as possible. 
His body, it will be seen, reduces the area of the passage 
for the air. In ordinary anemometers an allowance has 
to be made for the friction of the wheelwork. If pro- 
vided with a stop, the instrument should not be put 
“ into gear ** until the vanes are revolving at full spfced. 
Anemometers are very delicate instruments and require 
to be handled carefully and tested at intervals. 


CHAPTER XXXVI 

LIGHTING 

MethwlK of Lighting— Safety Lamps 

242. Methods of Lighting, — Some sort of artificial light 
is necessary to enable the miners to see to do their work 
and to travel about in the mine. The pit bottom, being 
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usually a very busy place, requires to be well lit up. Tke 
lights are stationary, and may take the form of large 
paraffin lamps, of ordinary illuminating gas broNight 
from the surface in pipes, of acetylene gas, or of incan- 
descent electric lamps. On the roatU lamps are carried, 
lilectric lighting is now common at lai-ge collieries, and 
glow lamps are sometimes fixed at important places in 
the main haulage roads as well as at the shaft bottom. 
At the faces lamps or, sometimes, candles are used. 

In some mines ofen or naked lights are used (i.e. 
candles and the small lamps which hook to the front 
of the cap), and in others only safety lanijj^s (see G.R. 8 
(a)). In others again, and even in the same ventilating 
district, both naked lights and safety lamps are em- 
ployed, the former where it is considered safe and the 
latter where unsafe. This is sometimes called mixed 
lighting, and where in operation open lights must not, 
of course, on any account be carried into the part of 
the mine where safety lamps are in use (G.R. 8). 

243. Safety Lamps. — A safetj^ lamp is a lamp con- 
structed in such a way as, under certain conditions, 
not to ignite the explosive atmosphere by which it 
may happen to be surrounded. The words “under 
certain conditions” must be noticed. It will be seen 
from what follows that all so-called safety lamps are 
safe only within certain limits. They are, it may be 
said, like safety bicyles, not absolutely safe. The first 
safety lamps in a practical form were those invented by 
Sir Humphry Davy, Dr. Clanny, and George Stephen- 
son, and known re.spectively as the Davy, Clanny, and 
Stephenson (or “ Geordie ”) lamps (figs. 160-2). Previous 
to the introduction of these lamps there were no proper 
means for guarding against ignitions of mixtures of 
firedamp and air or of detecting the presence of fire- 
damp. In 1760 Spedding’s steel mill was devised. 
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This consisted of a steel wheel which a boy by tinn- 
ing a handle caused to rotate rapidly against a pi(*ce 
of flint. So long as the boy kept the wheel revolving 
sparks were produced, the niiner having to do his work 
by the faint light thus given. Spedding s mill was soon 
‘shown to be unsafe' by tlui explosions 
which followed its use, but nevertheless 
continued to be employed for many years. 

About the beginning of the last cen- 
tury so great was the number of ex- 
plosions occurring in coal mines that 
public attentipn was called to tlie matter, 
and earnest endeavours were made to 
devise some safe means of lighting. The 
result was the invention of the lamps 
already named. 

The Davy Zamp(flg. 160). — All safety 
lamps are provided with locks of some 
kind, and after unlocking we find tliat 
the base or oil vessel unscrews from the 
upper part or frame. * On examining 
the oil vessel — made of brass and cylin- wirc^^luleT^donbie 
drical in shape — we see it is provided the , oies 

^ 1 p 1 • it Btandurds; bottom 

With a burner, and, tor trimming the part is the oil vessel; 
wick, a pricker which passes up a little 
tube running through the oil vessel. 

The wick can thus be adjusted without opening the 
lamp. At the base of the frame is a brass ring which 
screws to the oil vessel, and at the top is another ring 
which is connected to the bottom ring by three iron rods 
or uprights; these uprights serve also to protect the 
gauze cylinder held within the frame. Attached to the 
upper ring is a metal roof or cap, and fixed to this is the 
loop or handle by which the lamp is carried. The gauze 
cylinder is about IJ in. in diameter and 6 or 7 in. long. 
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It is constructed of iron wires about diameter. 

The wires run vertically and horizontally, crossing each 
other. There are at least 28 apertures to the lineal* inch, 
giving 784 to each square inch. The air to feed the 
fljime, or the “ feed-air ” as it is often termed, enters by 
th(' apertures at the base of the gauze, and the products 
of combustion pass out by those at the 
top. As the effect of the heat is there- 
fore greatt'st on the upper pai't of the 
gauze, the latter is provided with a cap, 
that is, it is made doubh'. 

The Davy lamp, on bciyg tested, will 
be found to give a poor light. This is 
one of its defects; another is that it is 
unsafe in a current of air moving at even 
a low velocity, the flame being blown 
through the gauze when this is as little 
as 6 ft. per second, or less if the lamp 
is being carried against the current. 
This will be ‘better understood after 
learning the priifciple of the safety lamp 
(§ 244). 

Clanny Lamp (fig. 161). — On examin- 
ing a Clanny lamp we see that it has a 
glass cylinder round the flame, rods protecting this, and 
an additional ring. Otherwise it is similar to the Davy 
lamp. The glass cylinder, made air-tight at top and 
bottom by the aid of asbestos washers, takes the place 
of the lower part of the gauze in the latter lamp. . The 
feed-air enters above the glass, and the products of com- 
bustion escape as in the Davy lamp. On making a test 
we find that, owing to the presence of the glass cylinder, 
the lamp gives a little better light than the Davy. It 
is also a little safer in a current of air, the flame being 
passed thi'ough the gauze when the velocity is about 



Fig. 161.— Clanny 
Lamp 

Shtded oldiqiie lincB 
indicate glass 
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8 h. per second. The light would be better, but part 
of the products of combustion mix with the fresh air 
and ^re carried down on to the flame. 

Stephenson Lamp (fig. 162). — The figure and descrip- 
tion will be sufficient for this lamp, as it is not now used 
'much, if at all, in mines The gauze is larger in diametef 
than that of the Davy or Clanny. Inside of it, reaching 
nearly to th(‘ top, is a glass cylinder. Surmounting the 
latter is a perforated copper cap. The feed-air passes in 
through perforations in a ring at the base 
of the lamp, and the products of combus- 
tion up thi-ough the holes in the copp(;r 
cap, thence out through the gauze. Tlu; 
glass cylinder renders the lamp safer in a 
higher velocity of air current than the 
Davy or Clanny, but the lighting power 
is reduced. In the mine the air holes be- 
come choked with dust. As originally 
made, Stephenson did not use a gauze, but 
a perforated sheet-iron shield. The gauze 
was invented by Sir I^mphry Davy, and 
was afterwards adopted by both Dr. Clanny Stephenson Lamp 
and George Stephenson. • 

244. We come now to the consideration of how the 
safety lamp prevents explosions of firedamp and air. 
It is by means of the gauze, but to understand how 
this acts we must bear in mind what a conductor of 
heat is (§ 182), and learn what is meant by the ignition- 
point of a substance. 

The ignition-point of a substance is simply the tem- 
perature to which the substance must be raised before it 
will ignite. Every combustible 8uJ)stance has its own 
point of ignition, and unless the heat applied is sufficient 
to raise the temperature of the substance to this point 
then it will not ignite, The following experiments illus- 
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trate this, also the power of iron wire as a conductor«of 
heat. 

Place an iron -wire gauze over a jet of burning gas 
(fig. 163 a). The flame does not pass througli the gauze, 
yet if we apply a lighted taper to the upper side of the 
latter, flame results, showing that gas goes through the 
gauze. Now flame is just burning gas, and what 
happens is this. The gauze, being a good conductor, 
takes away the heat so quickly from the binning gas, 
that the temperature is lowered below the ignition 


■1 

iin lOJ. —Action of Wu’c 6auie on Flame 

*■ 

point, and so no flame passes through the gauze. When 
wa apply the taper to tlie upper side of the gauze, we 
raise the temperature once more to the ignition-point, 
and so we have flame both above and below the 
gauze. 

Now vary the experiment by lighting the gas first 
above the gauze (fig. 163 b). The flame does not pass 
down through the gauze for the same reason as before. 
The gauze conducts away the heat so quickly that 
the temperature on the under side is not sufficient for 
the gas to ignite. In both cases, however — and it is 
of the utmost importance to note this — if we allow the 
gas to bum long enough, then the gauze becomes heated 
just as does a wire held in the fire. It is then no longer 
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akle to reduce the temperature of the burning gas, and 
the flame passes through. 

Nbw these experiments illustrate the principle of the 
safety lamp. The mixture of firedamp and air enters 
the lamp, is ignited at the wick flame, and explodes, or 
the firedamp burns inside the gauze; but owing to the 
action of the latter in conducting away the heat, the 
flame does not pass through. But if, as has been seen, 
the gauze, or any part of it, is allowed to become heated, 
then the flame will pass through. The same may happen 
in the case of an explosion within the lamp. 

245. Modem Lamps. — We may now turn our attention 
to present-day types of safety lamps. There are many 
diflerent lamps in the market, but the reader will find 
on examining such as are provided for him in his class 
that they vary only in details of construction, modern 
workers on the safety lamp retaining the gauze and 
other features, and aiming at making the lamp safer, 
of higher illuminating power, and improving it gener- 
ally. 

The modifications each patentee, then, are to be 
found in the particular make of lamp, and all modern 
lamps should be compared with the old Clanny and -yith 
each other. As the result of experiments, especially 
those of a Frenchman, M. Marsaut, much has been learnt 
in reference to points of construction, which affect the 
safety of the lamp in regard to the communication of the 
flame to the outside air when an explosion occurs within 
the lamp. One great general improvement is the use of 
a metal shield or bonnet to surround the gauze, rendering 
the lamp safer in a rapid air current. This addition was 
made necessary by the higher velocities of air currents 
in modem mines (G.R. 9). The manner of admitting 
the air to the flame and allowing the products of com- 
bustion to escape in each lamp should be observed. 
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Improvements have also been made in burners, method 
of locking, &c. 

Sometimes a Davy lamp is enclosed in a tin cad, or 
case, provided with a window^ and is tlien termed a 
Tin Gan Davy. This adds greatly to the safety of the 
hfrnp in a rapid air current, but the light is not improved. 
The air enters through holes at the base of the can. A 
Bonneted CUmny is a Clanny lamp fitted with a shield. 

Other lamps are the Mueseler, Marsaut, Deflector, 
Hepplewhite-Gray, and Wolf. They can only be 
brie% referred to here. 

Mueseler Lamj ). — This lamp (fig. 164) is shnilar to the • 
Clanny, but is provided with a conical metal chiinncyi 
up through which the products of combustion ascend. 
This chimney creates a draught and improves the com- 
bustion of the lamp. It is held in 
position by a horizontal gauze dia- 
phragm. The feed-air passes in 
through holes at the base of the 
shield, through the* gauze, then 
through the gauze ♦ diaphragm. 

Sometimes the lamp is used with- 
out a shield, and is then, of course, 
less safe in a rapid air current. 

When tilted the products of com- 

Mueseler Lamp bustion iniX With the inlet air, Marsaut Lump 
and the flame is extinguished. 

Marsaut Lamp . — This lamp (fig. 165) is also similar 
to the Clanny. There are, however, two, sometimes 
three, gauzes. These are slightly conical in shape. They 
are close together at the foot, but gradually diverge. 
The number and arrangement of gauzes reduce the 
internal volume of the lamp (or space in which an 
explosion can take place) and add to the gauze surface. 
This lamp is much used. 
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3"he Deflector lamp is like the Marsaut, but has an 
arrangement for ^uidin^ or “deflecting” the inlet air. 

In* the A8humi.h-Hep'peLwhite-Graj/ lamp (fig. 166) 
the glass is of a conical form, and on the top of it is 
a short gauze, also conical in shape. The feed-air passt's 
down through tub(‘s which are used instead of solid 
standards, enterijig at the top. Air- 
can also be admitted, if re<juii*(*d, Iry 
openings, provided with sliding shut- 
t<a-.s, in two of the tubes near tlu' 
bottom. The air passes from tla^ 
tubes into a small circular chamber 
above the oil vessel, thence thi-ough a 
gauze to the flame. The products of 
combustion escape through holes at 
the top of the lamp. Owing to the 
shape of the glass this lamp throws a 
light on to the roof, and the air being 
admitted at the top renders it suit- 
able for gas-testing. 

Wolf Lamp. — This* is a iClaniiy 
type of lamp, but with the air enter- 
ing from below the flame. It gives 
a good light and is provided with an 
arrangemant by which it can be relit, 
should the flame be extinguished, with- 
out having to open the lamp. Usually when a lamp is 
extinguished it is taken to the lamp station (G.R. 10, 
11), but with a relighting apparatus, such as is pro- 
vided in the Wolf lamp, this is unnecessary. There are, 
however, very strong objections to relighting lamps in 
the workings, on account of the dai^ger of an explosion. 

Electrically -ignited Safety Lamps — Electric Lamps. 
—At some collieries the safety lamps are fitted with an 
arrangement to enable them to be lighted instantly by 

(C168) 19 
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means of an electric spark or incandescent wire. Siknh 
lamps can be relit at a lamp station without being 
opened, but here again caution is necessary, as^ the 
Itimp may have been damaged, and it is therefore 
maintained that every safety lamp which has been 
extinguished in the workings ought to be thoroughly ^ 
examined before being again put into use. Small 
portable electric lamyn are also in use at some mines. 
One such lamp is the “Sussman”. An electric lamp 
gives no indication of the presence of gas. 

24G. Cleaning, Examining, &c., of Safety Lamps. — 
When the shift is finished the lamps are taken to the 
lamp room, and are there unlockc^d, the oil vessels 
unscrewed, the various parts s(5parated and examined, 
and the gauzes and glasses thoroughly cleaned. Some- 
times the cleaning is done by hand and sometimes, 
where the number of lamps is large, by a machine 
constructed for the purpose. The oil vessels have also 
to be charged, and such lamps as require them pro-' 
vided with new wicks. * 

In exaviiiiiiuj th^ parts of a ‘safety lamp great care 
is necessary. The dang(U’ of the enlargement of the 
mesh of the gauze from any cause, of the defective 
condition generally of the gauze, or of the glass being 
cracked, must be understood. The different parts of 
the lamp must be fitted properly together, the junc- 
tion of the glass with the rings being made perfectly 
air-tight. As will be seen from the Special Rules, 
every safety lamp must he examined immediately before 
being taken into the workings, to ascertain whether it 
is “ in safe working order and securely locked in terms 
of General Rule 10 ”. Usually the junction of the glass 
with the rings is tested by blowing on to the glass, 
top and bottom, with a small tube; but sometimes the 
lamps are subjected to an actual gas test in a 
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testing apparatus before being handed to tlie workmen. 
For securing the lamp, as required by the rules, different 
kin^s of locks are in use, as the screiv, lead rivet, and 
magnetic locks. Some lamps are fitted with an ap- 
pliance by which the light is extinguished should an 
attempt be made to open the lamp. 

247. TTsing the Safety Lamp. — From what we have 
learnt in connection with “ safety ” lamps it is plain 
that (§ 243) they are far from being absolutely safe, 
and that to render them as safe as possible the utmost 
care is necessary in their use. In the Sj^ecial Rulet* 
directions are given for the examination and use of 
lamps, and anyone disregarding th(\se requirements risks 
not only his own life but the lives of his hdlow-work- 
men. It is evident that the gauze must not be allowed 
to become hot through firedamp continuing to burn 
within the lamp, the lamp must not be subjected to 
too rapid an air current, no attempt must be made 
to blow the flame out, and the lamp must not be swung 
or jei’ked, or raised recklessly above th(i person s head. 
A person who has learnt about the safety lamp knows 
that it must not be tamper(;d with, that he must take 
Cixre of it, and place it so that it will not be injifred 
by any tool in working. The lamp must be frequently 
examined. The special rules give instructions how to 
proceed should the appearance of gas be detected, or 
should an accident happen to the lamp. 

248. Detecting the Presence of Firedamp. — By tests with 
simple apparatus we can become familiar with the action 
of firedamp on the flame of a safety lamp. To acquire 
the knowledge necessary for a fireman, however, more 
elaborate means are required, as well as practice in the 
mine. 

If the mixture of firedamp and air is explosive an 
explosion takes place within the lamp (§244), and the 
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flame may be extiiigiiislied by the products of com- 
bustion. If the mixture is not explosive the firedamp in 
contact with the flame burns (§ 244), and tliere is fonru'd 
over the flame a blue cap the siz(‘, shapi', and intensity of 
whicli vary with the percfuita^re of firedamp in the air. 

In testin^^ for firedamp, the usual way is to raise the 
lamp steadily, ke(‘pin^ it vertical, and shadin^^ the flame 
from the eyes with the hand (th(‘ flauK; must not be too 
large). If there is much firedamp present the flame 
lengthens (termed “ drawing ”). If no elongation takes 
place the lamp is steadily lowered and the wick pulled 
down until the flame is non-licvLinoius, care .being taken, 
however, not to extinguish it. Then the lamp is again 
steadily raised, and a “cap” may be seen. 

Recently enquiries into the methods of examining for 
firedamp in coal mines were made by experts on behalf 
of the Royal Commission on Mines, ^ and from the result 
of these attention has been drawn to the necessity of 
using a reduced flame when testing. A luminous flame 
“ masks ” or prevents the cap from being seen, and failure 
to test with a small flame may result in the non-detec- 
tion of a percentage of gas bordering on the explosive. 
The* smallest amount of ga« that can be detected with a 
non-luminous flame depends on the lamp, its condition, 
the oil, &c., used, as well as the skill of tlie observer; but 
it is maintained that every skilled person should be able 
to detect 2 per cent. Since the foregoing was written 
it has been found that small percentages of firedamp 
may be detected, without the necessity for lowering the 
lamp flame, by a piece of asbestos-sheeting steeped in a 
strong solution of carbonate of soda being placed in the 
fla^jie. This changes the colour of the cap from blue to 
yellow when it becomes visible.^ 

' Blue book : Reports by Dr. Cadiuan and E. B. Whalley, 1909. 

Trans. Jnst. Min. Eng.^ xxxviii, 269, and xxxix, 13. 
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t. Firedamp Jvdicaiors — These are intended to be used 
in the dct(iction of very small percentages of firedamp. 
In Tine a hydrogen flame is used, in another an alcohol 
flame. 


(^HAPTI^Ii XXX VI 1 

BRINGING THE GOAL TO THE SHAFT BOTTOM 

Mine W'jijfons— Kails, Sleepers, Ac. — Conveying the Tubs 
, to and fioin the Workings, 

249. Mine Wagons. — In the introductory chapter we 
saw as to the early methods of removing the coal from 
the working places. 

For carrying the 
coal little wagons, 
called hutches, tubs, 
or trams, are now 
used (flg. 168). 

These are simply 
large boxes, gener- 
ally rectangular in 
shape, fitted with 
wheels. They re- 
quire to be very 
strongly con- 
structed. The box 
part or body is usu- 
ally of wood, strengthened with iron, but is sometimes 
made wholly of iron or steel. Tho axles and wheels ^are 
generally of steel. When run in trains they are joined 
together by means of couplings. The couplings are 
connected to a metal bar, termed a “draw-bar”, fixed 
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Fig. 168. -Side and End Views of Wood and 
Iron Tubs 
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to the bottom of each tub. Other names, beside “trairf^’, 
for a number of tubs running coupled together are set, 
Take, and gang. Thus we speak of a “ set of tubs ”, a 
“rake of tubs”, &c. 

In designing a tub, carrying capacity, strength, light- 
nbss, and ease of running are all considered; and in 
order to reduce the force necessary to propel the tubs, 
and to prevent wear, the l)earings are regularly oiled 
or greased, sometimes by an automatic arrangement 
which, as the tub passes over it, lubricates the axle. 

The load which a tub carries varies greatly, and de- 
pends on local circumstances, as, foi‘ instance, the thick- 
ness of the seam. In some cases the weight of coal is 
as little as (i cwt. and in others ov(U‘ a ton. 

250. Eails, Sleepers, &c. — The rails on which the tubs 
run are now usually of steel, and th(‘ 
sleepers to which the rails arc fixed of 
wood, though sometimes iron or steel 
sleepers are used. 

Figs. 169, '170 show 

Fig m-biKlgc Kails two forms of l^ils used Fig 170-T-Rafl8 

in mines. On the facc^ 

roads the traffic is not great, and light rails are suf- 
ficient. They arc in short lengths, 3 to 6 ft., so that 
they can be easily liandled both in laying down and re- 
moving them. (3n the main or permanent roads longer 
lengths, 12 to 18 ft., are employed, in order to give fewer 
joints, and, as much greater strength is recjuired, the 
weight of the rails per yard of length is necessarily 
considerably more than on the side roads. Sometimes 
on the face roads flat iron bars fixed into notches made 
in the sleepers are used, and sometimes on the main roads 
double-headed rails like those in use on surface railways, 
but lighter, are employed. 

A common distance between the rails, or the gauge as 
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it is termed, is 2 ft, but this varies. The sleepers are 
from about 3 to 6 ft. apart Where these are of wood, 
bridge or T-rails are secured to them by means of nails 
or spikes with hook heads, termed “dogs” (see figures). 
Sometimes in joining the T-rails “fishplates” and bolts 
* are used. The thickness and breadth of the sleepdrs 
vary with the weight of the rail used. At the places 
on main roads where the hutches pass into the side or 
branch roads, points, crossings, &c., are necessary. Lines 
of rails on main roads require to be well and strongly 
laid. 

251. Conveying the Tubs to and from the Workings. — 

The general name for the conveyance of the empty tubs 
froni the shaft bottom to the workings, and of the loaded 
ones to the shaft bottom, is haulage, a qualifying word 
being used according to the means adopted for propelling 
the hutches. Thus we have manual haulage, in which 
the tubs are moved by men and boys; horse haulage, in 
which the work is done by horses, ponies, and mules; 
self-acting or gravitation haulage, in which it is done 
by gravity; and rekchanical or engine haulage, in 
which an engine supplies the motive power. All these 
systems may be found in operation in the same mine. 
The roads are termed haulage roads, those on which 
the tubs are moved by engine power being often called 
engine planes. The terms haulage plane and under- 
ground plane are also used. 

Manual Haulage. — Haulage by men and boys is 
chiefly done on the face roads, conveying the tubs be- 
tween the faces and main roads, or sidings or lyes, 
whence they are transported to the shaft bottom by 
horses or other means. Men anch boys engaged specially 
for this work are termed drawers, putters, or trammers. 
We shall see presently how in inclined seams the work 
of the drawer is sometimes assisted by gravity. A tub 
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is, of course, more easily juislied alon^ a level road tham 
up an incline, and in jjoin^ downhill the tub may have 
to be held back or spra^ofod. On the level road* the 
resistance is that of friction only; going uphill there 
are both friction and gravity to be overcome; while 
downhill friction is tending to stop the tub and the 
pull of gravity to make it run away. If tlu^ latter 
is greater than the resistance of friction, then the tub 
must be held back or spragged. “Sidings” or “lyes”, 
also called “stations”, are })laces made at convenient 
distances from the faces for the collection and distri- 
bution of the tubs. They have two lines of rails, one 
for the full tubs and one for the empties. 

Horse HauUige. — In some cases ponies, sometimes 
termed “ face ponies ”, are employed in taking out 
hutches to th(‘. lyes or sidings. Horses are also used on 
the main roads of some mines. In mines where horses 
are employed stables are made to which the animals 
are taken when their work is finished. Horses in mines 
ought to be very kindly treated (see also G.R. 17). 
Sometimes it is possible to lighteA the work of a horse, 
as by making it walk on the level or downhill where 
thejoad has to be hauled up a steep incline. 

Gravitation Haulage. — The force of gravity can be 
utilized as a means for moving tubs from one place to 
another only in seams wdth a sufficiently high inclina- 
tion, where the coals have to be conveyed downhill. »The 
principle is that the loaded tubs running downhill pull 
up the empty tubs. 

Self-acting Inclines (also called Jigs and Cousies, the 
latter name in Scotland). — The term “ incline ” is applied 
generally to an inclined road, and a “ self-acting incline ” 
means an incline of such a gradient that the tubs “ self- 
act ” (that is, no horse or other external source of power 
is required to propel them). 
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‘"At the top of a self-acting incline a drum or pulley 
(fig. 171) is fixed. One end of a steel-wire rope, which 
passes round the sheave of tlui pulley, is connected to 
a train of empty hutches at the foot of the incline and 
the other end to a train of loaded hutches at the top. 
When all is ready tlie trains are started, the loaded gang 
going downliill hauling the empty rake 

Two lim's of rails, one for the full set 
and one for the empty, may be used; but 
sometimes the road has to be narrow, and 
then other arrangements rtMjuini to be 
adopted. Sometimes three, and even two, 
rails arc used, except at the place, termed 
the pasfi-hye or meetin<j)^, where the i-akes 
pass each other. A brake is attaclied to 
the drum or pulley for the purpose of 
regulating the speed, and to prevent tlie 
full hutches running away while the sets 
are being made up applftinces called blocks 
or stops are fixed aerdss the rails at the 
top of the incline. Also, to prevent the 
rope from rubbing on the ground when 
the sets are running, small pulleys of a 
suitable shape are fixed at intervals in the 
middle of th(^ tramway or where neces- 
sary. Pulleys are used for this purpose 
in all systems of haulage in which ropes are employed. 

Other Forms of Self-acting Haulage— Sometunes a 
chain is employed on self-acting inclines instead of a 
rope, and sometimes where roads branch off at intervals 
up the incline a system is used^in which single tubs 
can be lowered from each road as required, each full tub 
hauling up an empty tub. 

Very often where drawers have to work on an inclined 



s, Sheave; m, meet- 
ings nr i)a88-l)yo; H, 
refuge- or man-hole 
(G.Il U 1«) 



, FIRST STEPS IN COAL MINING 


282 . 


road a pulley is secured to a strong prop, which must l^e 
very hririly fixed (hg. 172). One end of the rope or 
chain which passes round the pulley is connected to a 
loaded wagon, called a bogie, haUmce wagon, or cuddy, 
which runs on a separate line of rails of narrow gauge. 
Tlie lojided hutch is connected to tlui rope at the top of 
the incline, and in descending draws up the bogie. Then 
the empty hutch is hooked on to the rope at the bottom 
of the incline and drawn up by the bogie. This form of 
incline is termed o-jig brow or cuddy brae. 



Fig 172. - Pulley at Top of Incline 


On inclines where the 
gradient exc^ds about 30 
degrees the coals would 
fall out of tubs running 
on rails in the ordinary 
way, and to prevent this 
the tubs have to be con- 
veyed on carriages pro- 
vided with a horizontal 
platform. 

2^2. Engine Haulage. — 


The different systems of engine haulage are (1) single 
ropfj or direct-acting haulage; (2) main- and tail-rope 
haulage; (3) endless-rope haulage; (4) endless-chain 
haulage. These are worked by stationary engines. (5) 
Electric locomotives. These are largely used in America; 


compressed-air locomotives are also common. 

For haulage on the main roads steam engines situated 
either on the surface or near the shaft bottom are very 


often employed. In the former case the haulage ropes 
pass down the shaft, and in the latter steam pipes 
require to be fixed in the shaft, extending from the 
boilers on the surface to the engine underground. 
Electrically - driven engines are also used. Haulage 
on the main roads is known as the main hauLag^t 
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find that by men and boys, &c., bringing out tlie tubs 
to the sidings to feed the main haulage as mcomlary 
haulage. Engines worked by electricity and com- 
pressed air are also employed in secondary haulage. 

Single-rope Haulage . — In this system of haulage tlu^ 
hutches run in rakes. A single line of rails is used. 
The empty rake runs downhill by gravity, hauling the 
rope after it. The drum, which can be put into or out 
of gear as required, is out of gear on the inbye journey 
of the tubs. At the siding the rope is transferred to 
the full rake, the engineman at the same time throwing 
the drum inJuO gear. The signal is given, and the full 

. iSMlLUhr— — 

Fig 173.- Main- ami Tail-rope Haulage 

rake drawn up the incline by the engine. It will l)e 
seen that the gradient must be sufficient to permit of tlu' 
hutches running downhill and drawing with them the 
rope. The rakes run* at a high speed. 

The Mam- and Tail-rope System . — In this system the 
hutches also run in rakes (hg. 173). It is the single- 
rope system with the addition of a tail rope. The road 
is either level or the gradient such that the empty rake 
is not able to run into the workings and pull with it the 
ropt^ The tail rope is therefore used for the purpose of 
hauling both rake and main rope inbye. Two drums arc 
used, one for each rope, and they can be thrown into or 
out of gear as required. The tail rope passes along the 
engine plane, round a pulley at the end, and back to the 
rake. The main rope is connected to the other end^ of 
the rake, and when the tail-rope drum is put into gear 
and the main-rope drum out of gear the engine draws 
rake and main rope into workings. When the full rake 
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is bein^ drawn outbye the main-rope drum is in gear and 
the tail-rope drum out of gear. This is also a high-speed 
system of haulage. For detaching the main rope from 
the rake at the sliaft bottom an automatic arrangement 
is sometim(‘S used. 

' Endless- rope System of HanUige . — In th(' system of 
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Fig 174 — Eiullf«H-iupo Haulage 
E, Empty tubs, K, full luiis 
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endless-rope haulage, wliicli is generally adopted, two 
lines of rails are used, one for the full hutches and the 
other for the empties (fig. 174). This necessitates a wide 
road. At one end of the road is the driving pulley 
worked by the engine, and at the other a return pulley. 
The rope passes round these, and thus makes a complete 
circuit. It travels usually 
either under or over the 
tuby. For attaching the 
tubs to it clips of a suit- 
able form are used (figs. 
175, 176). Sometimes 

chains, called lashing 
chains, are employed for 
this purpose. The hutches 
are connected singly, at in- 
tervals of a certain number 
of yards, as shown in fig. 174, or two, three, or four are 
coupled together, and the one in front connected to the 
rope. The speed is slow, about 1 to 4 miles per hour, 
and the road may be level or inclined. The rope re- 
quires to be kept tight, and for this purpose a tension 
arrangement is necessary (fig. 177). Branch haulages 



Figs iT.'i. 176 -Uixli'i inpe ami Over-rope 
llaubigc 

I!, Rope, c, cliji 




BRINGING THE COAL TO THE SHAFT BOTTOM , 285 


aie worked off tlie main haulage by means of appliancevS 
called clutches. 

Iri another system of endless-rope haulage, in which a 
single line of rails with pass-by(is is used, the hutches 
are run in sets and coupled to a bogie which is provided 
witli ail appliance for gripping the rope. An attendant 
travels with each rake. 





Endlcss-chain System. - In this system a chain is used 
inst('.ad of a rope. ( Itlu'rw'ise it is similar to the endlcvss- 
rope system, with the 
rope over the tubs. 

258. Working Curves. 

— Where tl lere are 
curves on main haulage 
roads special means are 
necess^xry for guiding 
the rope and tubs round 
these. 

Safety Appliances. 

—For the purpose of ' 
safety and for prevent* 
ing damage various 
safety appliances, suitable to the form of haulage, #are 
in use, as “ blocks ”, for example (self-acting inclines). 

Signalling . — On main haulage roads electric signalling 
is adopted, the current being supplied by a battery. Two 
iron wires connected to the battery and bell in the engine 
house are carried along the road on insulators. The wires 
are about 6 or 8 in. apart, and the signals are made by 
pressing them together or connecting them with an iron 
rod. 


Fig 177 -Tightening Arrangement foi 
EndleBs rope Haulage 

I*, Pulley mounted on tension carriage , R. 
endleas roi)c passing round pulley; w, weight 
to keep K tight 
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CHAPTER XXXVIII 

RAISING THE COAL TO THE SURFACE 


General Arrangement — Winding Kngincs — Drums— Head- 
< gear and Pulleys — Ropes — Rope Cappings and Cage Chains — 

The Cages — Signalling — Guides — Detaching Hooks and Safot} 
Cages— Counterbalancing — Special Methods of Winding. 

254. General Arrangement. — In tlie old systems of rais- 
ing the coal to the surface, ladders (fig. 2), windlasses 
(fig. 88), and a macliine called a home whmi or gin 
(fig. 178) were used At the present time steam engines 

are generally em- 
ployed. These work 
a drum (fig. 179) to 
which two steel-wire 
ropes are attached. 
The ropes pass over 
two large pulleys, 
• fixed at tlie top of an 
Fig 178 -Horse Whim or (Hu *erection, termed the 

headgear, whicli is 
built over the shaft (tig. 191). Each rope is connected 
to a cage, or framework, in wdiich the men descend and 
ascend the shaft, and in whicli the tubs are raised and 
lowered, one cage being always at the surface while the 
other is at the shaft bottom, the two thus passing each 
other in the shaft. 

255. Winding Engines. — The general name for raising 
the men and material to the surface is winding, and 
the engines are called “winding engines”, just as those 
employed for haulage purposes are termed “haulage 
engines”. Similarly the drum is referred to as the 
“winding drum” and the ropes as the “winding rq)e8” 
Generally steam engines are employed, though electric 
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engines have been tried, and are used at some places 
on tlie Continent. Both vertical and horizontal steam 
engines are in use, but the latter form is the one gen- 
erally adopted. A vertical engine has its steam cylinder 
placed in an upright position; in a horizontal engine 
the steam cylinder rests horizontally on its seat. Fig. 
179 shows tlie general arrangement of horizontal engines 
and drum. Passing through th(; centre of the drum is 
the drum shaft, to each end of which there is connected 
a crank The connectimj rod connects the crank to the 
end of the piston rod or 
cross -head (§ 188). Two 
engines are Ifenerally used, 
because winding might be 
stopped when the crank 
was on the “dead centre”, 
tliat is, in a straiglit line 
with the piston and con- 
necting rod (this happening 
twice in each revolutioa of 
the drum), and a single 
engine has then no power to revolve tlie drum. With 
two engines the cranks are fixed at right angles to each 
other, thus there can never be any “ sticking on the dead 
centre 

Engines placed as shown in the tigure are termed 
“coupled engines”, and also “direct -acting engines”, 
becahse they are connected direct to the drum shaft, 
that is, no gearing wheels coming in between. 

Winding engines re(iuirc to be very powerful and 
strongly built. They do not work continuously like a 
locomotive or marine engine, but have to start the load 
from rest, have it going at mid wind at a very lagh 
speed, and then bring it gradually to rest again — all in 
less than a minute. Adequate brakes worked by foot 



Fig 17U -Horizontal Winding Engine 
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and steam are j)rovided for stopping the enfpne, and 
sometimes automatic appliances are used, wliich cut off 
the steam and apply the brakes in case of too rapid 
running near the end of the wind, by means of an 
apparatus called an indicator, whicli is worked oft* the 



Figs. 180, 181 —Front and Side Views 
of Drum for Flat Ropes 

256. Drums. — Different 


drum shaft, the engineman 
can always tell the position 
of the cages in the shaft, 
an<l thus knows when to 
check the speed or shut off 
the steam and bring the en- 
gines to rest. As a further 
precaution thb indicator 
strikes a bell as the cage 
approaches the surface, 
forms of drums are used. 


Formerly flat ro})es were generally employ t‘d in winding, 
and the drum (flgs. 180-1) consisted of a small barrel 
or cylinder on which the rope coiled. Fixed to each 
side were arms or projections to guide the rope on to 
the barrel and also prevent it fram slipping off. 



Figs. 182, 183.-Front and Side Views of Cylindrical 
Drum for Round Ropes 



Fig 184 —Spiral Dram 
for equalizing Load on 
Engine 



At the present time round winding ropes are mostly 
used, and to suit these larger and wider drums are 
required. Two forms are in use — the cylindrical (figs. 
182-3) and the spiral (fig. 184). A third form, termed 
the conical drum, has also been tried. In both present- 
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day types the one drum serves for both ropes; the rope 
attached to the descendinfi; cage uncoiling from, as that 
attafthed to the ascending cage coils on to, the drum. 
One of the ropes (the “over rope”) therefore passes 
from the top of the drum to its pulley, and the other 
(the “under rope”) from under the drum to its pulley. 

On a cylindrical drum the successive coils of the rope 
lit* side by side, not on the top of each other as in the 
ease of the flat-rope drum. The part on which the ropes 
coil is known as the drum “lagging”. It is of wood 
or iron, and is st^cured to iron or stet'l rings, one at 
(‘ach side of the drum, and sometimes one at the centre, 
the lings being connected to the shaft. A flange is 
provided at each side. Some of these drums are very 
large, being in some instances over 20 ft. diameter. 

Spiral drums resemble two cones placed base to base. 
The ropes coil on the tapered parts, which are provided 
with grooves for the reception of the coils. Conical 
drums were similar in construction, but had no grooves, 
and the ropes were liabhi’to slip. 

With a cylindrical drtim all the surface of the drum 
on which the rope coils is of the same diameter. That 
is clearly not the case in a drum of the spiral foim, 
the rope that is being wound on the drum coiling on 
an ever-increasing diameter, and the one that is being 
unwound uncoiling from an ever-decreasing diameter. 
This, ft will be seen in the present chapter, assists the 
engine* but spiral drums have certain disadvantages, as, 
for example, being very heavy and costly, and are 
therefore not always used. The following are some 
particulars in reference to an improved steel spiral 
drum winding from a depth of 76^^ yd.: weight of drum 
about 80 ton; width 15 ft. 9 in.; smaller diameter 18 ft.; 
larger diameter 33 ft.; net weight of coal raised each 
wind 4 tons; circumference of winding rope 5| in. 

(C168) 20 
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257. Headgear and Pulleys. — Other very common 
names for the erection supporting the pulleys are pit-head 
frame and pulley frame. Pit-head frames (fig.' 185) 
usually consist of four uprights or legs, two back-stays, 
and certain cross-pieces. 1’he two uprights, the tops of 
'which are directly under tlie pulley-shaft bearings, arer 
for carrying the load to be raised, the two in front of 
these to enabh^ cross-beams to be fixed, and the two 
back -stays for preventing the frame from being drawn 

over in the direction of 



Fir 185 — Fifint and Side Views of I’alley 
Frame and Pulleys 


the engines. In addi- 
tion to ^he cross-pieces 
already mentioned 
others are used for 
binding the various 
parts together and add- 
ing to the strength of 
the structure. Pit-head 
frames are subject to 
great strains, and re- 
(juiro to be strongly 
built and to rest on 


secure foundations. 


They arc constructed of wood, iron, or steel, and are 


sometimes as much as 80 ft. in height. 

The pulleys, supported on cross-beams at the top of 
pit-head frame, change the direction of the ropeS. The 
rims and centres are constructed of cast iron, and the 


spokes of wrought iron or steel. They are made very 
large to correspond with the size of the drum, but do 
not appear so viewt^d from the ground. Pulleys 18 and 
20 ft. in diameter are common. 

258. Winding Hopes. — Round ropes of steel wire are 
generally employed in this country. Iron -wire ropes 
are also used at some collieries. These are much heavier 
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than steel -wire ropes for e(jual strength. Flat ropes 
of steel wire have also been tried. Formerly flat ropes 
made of hemp were much used. The ordinary form of 
round rope consists of a number of strands twisted 
round a liemp core, each strand being made 
- up of a certain number of wires. 

The manufacture of steel -wire ropes has 
reached a high degree of j^erfection. As a 
rule no winding rope is loaded beyond about 
one-tenth of its breaking load (one-sixth for 
haulage ropes), thus there is a large margin 
for safety. The ropes arc examined every day 
and regularly oiled or greased. Wire ropes 
must not be bent round too sharp curves. At 
the start of a wind tin; strain on the rope is 
greatest, and sometimes spcjcial devices are 
adopted for lessening this. 

Rope Cappwgs and Cage Chains. — The 
cage is connected to the rope by means of chains 
(termed the “ cage chains” or “ bridle chains"), 
and for the purpose of attOiChing the chains 
a metal capping (called also socket or hose) is 
flxed on to the end of the rope. Fig. 186 shows 
one form of capping. The cage chains, usually 
four or six in number, are connected to a largo 
link which is secured to the capping by a bolt. 

Obviously great care must be taken in the cap- ■ 

ping (or nosing) oi a rope, and in seeing that ping 
the cage chains are properly connected to it. 

259. The Cages. — These are strongly constructed of 
iron or steel, the floors being sometimes formed of wood. 
They are made as light as possilde (hence now usually 
constructed of steel), to avoid adding unnecessary weiglit 
to the load on the rope. In many cases the cages are 
very large, having as many as four or more decks, and 
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257. Headgear and Pulleys. — Other very common 
names for the erection supporting the pulleys are pit-head 
frame and pulley frame. Pit-head frames (fig.' 185) 
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and certain cross-pieces. 1’he two uprights, the tops of 
'which are directly under tlie pulley-shaft bearings, arer 
for carrying the load to be raised, the two in front of 
these to enabh^ cross-beams to be fixed, and the two 
back -stays for preventing the frame from being drawn 

over in the direction of 
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the engines. In addi- 
tion to ^he cross-pieces 
already mentioned 
others are used for 
binding the various 
parts together and add- 
ing to the strength of 
the structure. Pit-head 
frames are subject to 
great strains, and re- 
(juiro to be strongly 
built and to rest on 


secure foundations. 


They arc constructed of wood, iron, or steel, and are 


sometimes as much as 80 ft. in height. 

The pulleys, supported on cross-beams at the top of 
pit-head frame, change the direction of the ropeS. The 
rims and centres are constructed of cast iron, and the 


spokes of wrought iron or steel. They are made very 
large to correspond with the size of the drum, but do 
not appear so viewt^d from the ground. Pulleys 18 and 
20 ft. in diameter are common. 

258. Winding Hopes. — Round ropes of steel wire are 
generally employed in this country. Iron -wire ropes 
are also used at some collieries. These are much heavier 
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ill* deep mines. Telephones are also used between the 
sliaft bottom and the surface. 

2^1. Guides. — Means require to be taken to prevent 
tlie cages, when travelling in the shaft, from coming in 
contact with each other or with the sides of the sliaft 
’or shaft fittings For this purpose guides (also called 
dukn and conductors) are used. These 
extend from the surface to the pit bottom, 
and may be said to form two lines of “ ver- 
tical railway” up and down which the cages 
run. Cluides may be constructed of wood, 
pr iron or steel rails, called rigid guides, or 
may consist of wire ropes, known as flex- 
ible guides. 

Wood slides are used in rectangular 
shafts in Scotland. Long lengths of wood, 
5 in. by 4 in. or other required dimensions, 
are fixed to buntons and joined evenly end 
to end (fig. 90). Th(‘ cage is fitted with a 
shoe on eadli side where there is one guide 
on eaclf side, or two shoes on each side 
Fig i88.-wire. there are two guides; the shoe fits 

raiigemont hi bot- the slide loosely at the front and two sides. 
ke'"p4 guide guides are also lixed to tlie bun- 

K,K„pe;w,«.igi.u tons, the rails being joined end to end. 

Wire-rojie guides are suspended from 
the phi-head frame. At the shaft bottom they are secured 
to buntons, but in such a way as not to prevent them 
from lengthening or shortening (due to expansion and 
contraction); each is loaded to keep it tight (fig. 188). 
The shoe completely encircles the guide. This is the 
form of conductor usually employed in circular shafts. 
There may be two, three, or four ropes to each cage. 
Sometimes two additional ropes, termed “ safety guides”, 
are suspended in the space between the cages. 
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262. Detaching Hooks and Safety Cages. — Mention hhs 
already been made in the present chapter as to the use 
of safety appliances in the case of too rapid running 
near the end of the wind. Detaching hooks ai'e for tlie 
double purpose of liberating the winding roj)(' and sus- 
pending the cage, sliould tlie latter be drawn up too fai- 
at the siirl'ace, known as an oi^erwind. Tlity are not in 
use at every colliery. 

The detaching hook (lig. 1<S9, a) forms a link between 


the winding ro])e and cage, tlu‘ winding ro])e in oi'dinary 

? rj circumstances working 

I through a,, cylinder or 

n ^ supporting ring fixed 

V B iu the headgear, under- 

neath the pulley. If 
overwind takes place 
the detaching hook is 
drawn into the cylinder 
comes in 

iMinBr contact with this and 
j tte rope is set free, the 
Fig 189 —Omorod Dctauiii)^' Hook hook at tlic Same time 
• catching on to the cy- 

linder or supporting ring, and the cage thus remaining 
suspended (li, fig. 189). There are different makes of 
detaching hooks — Omerochs, Walkers, and King and 
Humbles. * 


Safety cages are cages fitted with appliances for 
gripping the guides and holding the cage in the event 
of the winding rope breaking. Owing to the difficulties 
in their use and the excellence of the winding ropes, 
cc^bined with regular inspection and proper care, safety 
cages are not regarded favourably in this country. 

263. Counterbalancing the Weight of the Winding Hope. 
— In some shafts a rope called a tail rope may be seen 
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attached to tlie bottom of each cage and working round 
a wheel or beam in the sump (fig. 190). This is for the 
purpose of counterbalancing the weight of the winding 
rope. During a wind the descending cage and tubs 
balance the ascending, and, if the winding 
rope is counbu-balanced, the load agaiiifi 
the engine at all parts of the wind is efjual 
to the coal. This is often referred to as 
“equalizing the load on the engine”, or 
“ making tlie load uniform throughout the 
wind”. Spiral drums also make the load 
^uniform througliout tlie wind. There are 
otliei' forms of counterbalance besides the 
tail rope and spiral drum. 

Special Methods of Winding. — Various 
s})eeial methods of winding have been pro- 
posed. One of these, called the Koepe 
Counterbalance system, IS to havc oiily one winding rope 
and a large pulley with a single groove 
instead of a drum. The rope passes about half round 
the pulley, over the Headgear pulleys, and each end is 
connected to a cage. A balance rope is used below the 
cages. ^ 



CHAPTER XXXIX 

DEALING WITH THE COAL AT THE SURFACE 

Weighing the Coal — Preparing the Coal for the Market- 
Surface Arrangements. 

264. Weighing the Coal. “Tajlies” or “Pins”. — Deal- 
ing with the coal at the surface comprises changing’the 
tubs on the cages (alluded to in the preceding chapter*), 
weighing the coal, and preparing it for the market. 
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In weighing the coal, the full hutches pass on to the 
weighing machine on their way to be emptied. The 
weight of the loaded hutch is the gross weight, thaf of 
the empty the hire, and the difference the net weight, 
or weight of coal in each tub. The empty tubs are not 
w*3ighed, the weight being known. The machine used 
may be of such construction as to indicate the net 
weight. 

The weight of the coal in each liuteli has to be ascer- 
tained in order that it may be credited to the person 
who has dug the coal, the coal-getters, as explained in 
chap, xviii, being usually paid according to^ the weight 
of coal produced by them. For the purpose of showing 
who has dug the coal, tallies or pms are used. These 
bear a distinguishing number (oi* are otherwise arranged 
so that no two coal-getters’ tallies are alike), and each 
tub of coal which arrives at the surface having a tally 
attached to it, it is known at once who has sent the 
coal. 

265. Preparing the Coal for the ‘Market. — The prepara- 
tion of the coal for the market ^nean8, of course, the 
treatment of the coal in such a way that it will meet 
the peeds of consumers and thereby command a ready 
sale. It takes the form of dividing the coal into sizes 
and removing the rubbish, and is one of the most 
important branches of colliery work. 

Methods of sizing and cleaning the coal, howeveV, it 
should be observed, are of comparatively recent origin. 
In early times only the best seams were touched and 
the coal sent into the market as it came out of the 
mine. With the exhaustion of these seams the in* 
ferior beds had also to be worked (§50), and then it 
bec&me necessary to adopt some special means whereby 
the condition of the coal might be improved. With 
the introduction of sorting and cleaning plants matters 
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Tiave gone on developing, and now we find at most 
colleries the most elaborate means for dressing the coal 
and ’sending it into the market in the best possible state. 

2(i(i. Surface Arrangements. — In considering the coal 
cleaning and sizing arrangements we may glance at 
the surface erections gcinerally. Standing over the pit- 
mouth IS the hea<lgear, and situated near by is the 
engine house containing tins winding engines. Near 
to ihe winding-engine house are the boilers for gener- 
ating the steam. A lai'ge number of boilers are required 
at an ('xtensiv(‘ colliery, and they arc fired cither by 
m(‘.n or mechanical stokers. Means are provided for 
conv 'ying the coal into tlu^ storage hoppers of the 
mef li.inical stokei's, or ro the heap whence it is shovelled 
into the hoppcirs or into the boiler fires where the stok- 
ing is done by men. The steam pipes which lead from 
the )r)ilers to the engines are also to be seen. 

Not far from the main winding shaft are perhaps 
other engine houses, containing the haulage, &c., engines, 
while neai’ the upcast are the fan and fan engine 
working steadily on. Workshops and offices are also 
necessary, likewise railway sidings for the accommoda- 
tion of the wagons for the transport of the •coal, 
numbering perhaps as many as between 200 and 300 
a day, and requiring the use of a shunting engine. At 
mai^ colleries coke ovens are also in operation. 

2^07. The Pit-bank. — Around the pit-top is the staging 
or floor on which the tubs are landed. This is known 
as the pit-bank or pit-head Tlie operation of changing 
or landing the tubs is also known as “ banking”. 

The pit-bank may be only a few feet above the level 
of the ground, according to the system of dealing ’^ith 
the coal, but is usually not less than about 20 ft. in 
height, to enable the coal to be passed easily from the 
landing place to the railway wagons below. It is 
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generally covered over, though formerly it was left? 
unprotected, the work of banking, &c., having then to 
be done in the open. 

Circulaticm of the Tubs on the Pit-head. — The loaded 
tubs pass from the cages to the iijyplers, the appliances 
for emptying the tubs, the empti(^s passing back to the 
pit-top to be again sent down into the mine. 

It is important that the tubs should move on the 
pit-head with as little manual labour as possible, and 
so the rails are in some cases made to slope gently from 
the cages to the tip])lers, the tubs running along this 
part by gravity. Tin? line of i*ails for the <impty tubs, 
from the tipplers back to the cages, is also made sloping 
for part of tlie way, and the empty tubs oji leaving the 
tipplers run along this part also by gravity. 

The tubs having thus been running downhill from 
the time of leaving the cages they will now be below 
the level of the landing-place, and must be taken up to 
that level. For this purpose a hoist is sometimes em- 
ployed, but usually the tubs are* drawn up an incline 
by an endless chain, called a creeper chain. This travels 
along between the rails close to the floor and has pro- 
jections every few feet. One of these catches the axle 
of a tub and thus hauls the tub uphill. The top of the 
incline on which the creeper chain works is made high 
enough to enable the tubs to run down to the shaft by 
gravity. At the shaft there are sttyp blocks or tub Con- 
trollers which hold the tubs and allow them to pass on 
to the cages as required. 

Of course there are different methods of circulating 
the tubs. Frequently a creeper chain draws the full 
tubji up an incline from the shaft, the tubs then running 
to the tipplers, and the empties from the tipplers to the 
shaft, by gravity. Hand labour is also employed. 

268. Screening, Picking, and Washing Plant.— The exact 
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method of dealing with the coal depends on the con- 
c^jons, snch as the amount of the impurities and the 
purposes f( r which the coal is intended, and therefore 
the arrangements vaiy at difiercnt collieries. We need 
glance only at the general process. 

The tipplers (also called tumblers and kick-ups) have 
ah’eady been nuiii- 
tioiied. Th(ire are dif- 
ferc'ut forms of tipplers. 

They I’equire to empty C 
the tub with the hjast 
possible brtakage of coal, 
and at the same time 
■u ^ quickly. 

The general plant, in 
addition to the tipplers, 

Consists of the screens, 
picking belts or bands, 
and coal washers. The 

screens are for sizing^ the 

coal and arc of difiercnt ■ AmnBement 

kinds. In the oldest 

form the bars on to II, hopper; B, travelling beltsf 
which the coal is de- 
livered are fixed. In improved forms movable bars are 
Ui^jd The commonest type of screen is, however, the 
shtiking or jigging screen, this having a backward-and- 
forward motion. In the jigger screens perforated plates 
and wire netting are used as well as bars. The various 
sizes of coal produced in screening are “round coal”, 
“cobbles”, “nuts”, &c., some sizes receiving different 
names in different districts. * ^ 

The coal passes direct from the screens, or is delivered 
by other means, on to the picking belts or hands. These 
may be as much as 70 or more feet in length and about 
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4 or 4i ft. in width. They are made of steel plates* 
attached to endless chains, and travel forward slowly, 
passing round a drum at each end (tig. 192). The 
pickei’s stand along each side and remove the rubbish 
as the coal is carried along. The coal is delivered by 
the’ belts into some form of movable shoot by which 
* it can be lowered into the wagons without breakage. 
Belts with perforated plates, or constructed of wire 
netting, are also used, the.se allowing small coal to pass 
through, while sometimes instead of belts revolving 
picking tables are employed. 

For removing the rubbish from the small f^oal which 
falls through the screens or travelling belts picking is 
not suitable, and coal-washing machines (or “ washers”) 
have to be used. There are differmit kinds of those, but 
all depend for their action on the fact that the pieces 
of impure material are heavier bulk for bulk than coal. 
Hence in the washer, the material being agitated, the 
lighter coal becomes separated from the heavier rubbish. 
Pieces of coal and rubbish of different sizes may, how- 
ever, weigh the same, and so the small coal is sized 
before it is washed, being lifted to the required point by 
elevators. Washing the coal is sometimes termed the wet 
method of cleaning. 


CHAPTER XL 

FREEING THE MINE OF WATER 

Water entering the Mine — Underground Dame— Removing 
the Water from the Mine. 

269. Water entering the Mine.— Water occurs in large 
or small amount in most mines, more, as a rule, being 
given off in shallow than in deep mines. In our geology 
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•lessons we learnt how the water finds its way down 
through the rocks, and in chap, xx, how that which 
(%i«rs the shaft may be carried down in pipes to a 
lodgment or the sump. Again, in chap, xxv we saw 
liow water may enter the mine from old workings. 
Water draining through the rocks may also pass into 
the mine at different parts of the workings. A con- , 
tinuous inflow at any part or into the shaft is termed 
a feeder. Some feeders are very large, amounting to 
thousands of gallons ])er hour. 

270. Dealing with the Water. Underground Dams.— 
Now wherever it is possible (as may be the case in 
connection with old 
workings, but seldom 
at oth(T places), and 
especially where the 
(quantity is large, steps 
are taken to prevent 
the water from enter- 
ing the mine, thus^ FIr. aw -riiuiofMasoniy Dam 

besides avoiding the 

trouble that its presence entails, saving the constant 
expense of pumping it to the surface, and perhags also 
the cost of laying down pumping plant. When this can 
be done dams are employed, a dam, therefore, serving 
the purpose in a mine that water tubbing or coffering 
in a shaft. 

*Dam^^ for Heavy Presmrefi . — For resisting heavy 
pressures wood dams, built in the form of a wedge, or 
brick dams, constructed as shown in fig. 193, are em- 
ployed. Concrete is also used in the construction of 
dams. 

In fig. 193 three dams are shown, one in froftt of 
another. To allow of the water running off, and also 
the men passing through to the back, while the dam 
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is being constructed, a pipe is built in the masonry; 
near the floor. This pipe is afterwards closed. Some- 
times two pipes are used. Through another pipp^-,of 
small diameter, near the roof, the air and gas behind 
the dam escape as the water rises upwards. Some- 
times a valve is fitted to this pipe to permit of the 
water being drawn off at any time, and by means of 
a pressure gauge the pressure of the water can be 
ascertained. 

Bams for Small Pressures, — Sometimes the pressure 
to be resisted is small, and then a straight dam (not 
wedge-shaped or curved) is sufficient. When clay is 
used as an aid in making the dam water-tight the term 
day dam is sometimes employed. 

Selecting and Preparing the Site of a Dam. — In 
selecting the site of a dam care is necessary. The 
ground must be strong enough to support the dam, 
and free from cracks or fissures through which the 
water might afterwards And its way. In preparing 
the site only picks and wedges, are used, explosives 
fracturing the ground and rendering it liable to leak. 

271. Draining the Workings.— Where water is given 
off in rise workings it runs downhill by gravity, and 
is gmded to the shaft bottom or level, along which it 
flows to the sump. Sometimes in rise workings the 
conditions are such that a siphon can be used. 

It is more difficult to deal with water in woikktgs 
which dip away from the shaft bottom than in those 
which rise from it, the water having to be raised to the 
level or shaft bottom. Where the quantity is small, 
it is filled into and removed in tubs or tanks con- 
structed for the purpose, or hand pumps are used. 
For* larger quantities pumps worked by water power 
(called hydraulic pumps), compressed air, or electricity 
are employed. Pumps driven by other means are also 
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•in use. Siphons are utilized in dip workings where 
the conditions are suitable. 

%iir2. Removing the Water from the Mine.— In some 
cases adit levels (lig. 194) can be used for this purpose, 
but generally have to be employed. Sometimes, 

where the (juantity of water is small, it is raised in 
tanks by the winding engine. 

Where pumps are in use they are generally worked 
by a steam engine, placed either on the surface or 
underground. With the engine on the surface pump- 
rods must pass down the shaft. These are usually of 
wood, consisting of long lengths 
joined together by plates and 
holts. Wooden rods may be as 
much as 12 or 14 in. square. Iron 
and steel rods are also used. 

Rods which work inside the 
delivery pipes (§223) are termed 
wet rods, and thosii which work 
openly in the shaft d(ry rods. To 
steady the latter and keep them from bending, guides 
(or “collarings”) arc fixed in the shaft, and to prevent 
the rods from being worn away by rubbing against the 
guides wearing pieces are fixed to them. Catclf pieces 
are also attached to the rods, tliese catching on to lieams 
(called hanging beams) fixed in the shaft and holding 
fflTrods in the event of breakage. Usually the pump- 
rods have to be counter-balanced. The pipes require 
to be carefully supported in the shaft. 

Where the depth from the surface to the point from 
which the water has to be conveyed is not great the 
pump (or pumps, if more than one) may lift or force 
(according to the kind of pufnp) its water direct Jto the 
surface, but where the vertical distance is considerable 
this is not possible and the water has then to be raised 


Fig 194.— Drainage by Adit 
Level The adit level, A B, drains 
the strata above, Including the 
coal Beams 1,2, 8 
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in stages, one pump conveying it to another placed 
farther up the shaft, and this second pump I'aising it 
to the surface or to a pump still higher up. The pujtt^s 
thus work in sets\ the distance that any one of them 
raises the water being called a lift. The lift for a 
plunger pump (or forcing set) is longer than for a 
bucket pump (or lifting set). Generally in an arrange- 
ment such as this a bucket pump is used for the bottom 
lift and forcing sets for those higher up. Main rods 
pass down the shaft and the pumps are connected to 
these by off-sets. 

Witli the engine underground force pumps only are 
used and there are no rods in th(i shaft. Steam pipes 
are, however, necessary for conveying the steam to the 
engine, though electrically-driven pumps are also used. 
The length of lift is longer than in the case of pumps 
with rods. Pumps with the engine underground are 
known as direct-acting pumps. 

A certain amount of standage (§136) is provided for 
the water in case of a stoppage of the pumps, and where 
the water is corrosive means have W bo taken to protect 
the pumps from its injurious action. 


CHAPTER XLI 

MISCELLANEOUS 

Electricity — Surveying — Accidents — Rescue Appliances — 
Ambulance Work— Ankylostomiasis— Baths 

273. Electricity. — Reference has been made frequently 
to th '3 use of electricity in mines, and we have seen that 
it is employed for many purposes, being applied in light- 
ing, shot-firing, coal -cutting, hauling, winding, &c. Now, 
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must be observed that electricity is not a ‘primary 
source of power, just as steam is not. Steam, it has 
be^^hown (§ 183), derives its energy, or power of doing 
work, from the coal burnt in the boiler furnace, and 
similarly electricity derives its energy also from coal 
• or from some other source. , 

We can produce electricity by friction. Thus, if we 
warm a glass rod and then rub it with a piece of warm, 
dry silk, we find it will attract light substances, as frag- 
ments of paper, pi(‘.ces of cut straw, &c. Electricity has, 
in fact, been developed on the surface of the rod, or the 
rod has become, as wa* say, “ electrified ” or “ charged 
It was kno\fn 2500 years ago that amber, when rubbed, 
actisl similarly to the glass rod, hence our word “electri- 
cit_^ (Gr. elektron, amber). 

274. Current Electricity. — In the case of the rubbed 
glass rod the electricity resides on the surface of the 
rod, but as used in a mine the electricity, as we have 
already learnt, flows along a wire or a cable, and comes 
under the general teriiL current electricity. The flow of 
the electricity has be/i compared to that of a current 
of heat along a conductor (§182). The two ends of the 
wire or cable are at diflerent “electric potentials”, and 
the current of electricity flows from the higher potefitial 
to the lower, just as, when the two ends of a conductor 
are kept at diflerent temperatures, heat flows from the 
highcF tu the lower temperature. In both cases we can- 
not ftee anything passing or “flowing” along; the con- 
ductor, however, exhibits diflerent properties or effects. 

For small quantities, such as are required in signal- 
ling operations, the current of electricity is produced by 
chemical action in a cell or haitery, a battery consisting 
of two or more cells connected fogether. Where, how- 
ever, the amount of current is large, as in electric 
lighting, hauling, &c. a machine, called a dynamo or 

(0163) 21 
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generator, worked by a steam engine or water jx)we>r, 
&:c., has to be used. 

275. The Simple Cell. — We put into a glass i^el 
(fig. 195) some water, add a little sulphuric acid, and 
then immerse in the acidulated water a Strip of copper, 
C,‘ and another of pure or amalgamated zinc, Z. On 
bringing tin; strips into contact, or connecting them by 
twisting together the free ends of copper wires attached 
to the; top of each, chemical action takes place and a 
current of electricity flows as shown by the arrows. If 



Fig IIK) .Siiiijdf (VllH 

Cupper and zinc in liquid— A, Nu action, n, ciuient across liijuid and from 
C to z; c, current across liquid and through the touching ends Ironi C to z 
D, current acioss liquid and through wire. 

we connect the ends of the wii^ns to an electric bell, 
instead of to eacli othei’, the bell rings, proving that a 
current of electricity is jmssing. Instead of the electric 
bell we may employ other means to show that a current 
of electricity is travelling along the wdre (§278). 

The arrangement just described (d, fig. 195) is called 
a simple cell, or voltaic cell, after Volta, by whomTfVas 
discovered. From the figure we see the current flows 
from c along the; wire to z, and from z through the 
liquid to c. This is termed the circuit. When the 
wires are connected, we say the circuit is “closed”; 
when they are unconnected, we say the circuit is “ open ” 
•or broken ”. No flow^ of current takes place unless 
the circuit is closed. Thus, if we are using an electric 
Jbeil to show that the current is passing along the wire, 
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•the bell does not ring if only one wire is connected to it; 
or if we have both wires attached to the bell, until we 
ctelfe the circuit by means of the “ push ”, or as in signal- 
ling (§ 253). The copper and zinc plates are termed the 
poles of the cell, tlui copper being the posiiive pole and 
tlui zinc th(‘ 'negative pole. 

In chap, xxix we learnt as to the preparation of hydro- 
gen. When the circuit is closed the zinc is eaten away 
and live sulphuiic ticid used up, with the 
formation of zinc sulphate and hydrogen. 

The consumption of the zinc furnishes 
the energy by which the current is 
unven through the circuit. 

276. Other Cells.- -When the simple 
ced is working it is found that a layer 
of hydrogen bubbles forms on the 
copper plate. This, termed polar iza - 
turn, diminishes the flow of electricity, 
and may stop it altogether. Other forms 
of cells have therefyi'e to be used, as 
the Daniell and LeclancM. The latter 
(fig. 196) is the one employed for signalling in mines. 
The positive pole is a rod of carbon and the negative 
pole one of zinc. The carbon rod is contained in a 
porous pot, the space round it being packed with small 
pi^eceg^ of carbon and black oxide of manganese. A 
terpiinal screw is fixed to the top of the carbon rod. 
The porous pot and zinc rod are placed in a solution 
of sal ammoniac (ammonium chloride, NH4CI) contained 
in a glass vessel. The hydrogen which is liberated in 
the chemical action in trying to reach the carbon rod 
is oxidized by the oxide of nyiinganese. The oxidation 
proceeds slowly, therefore this cell is not suitable for 
constant working, but is very convenient where it can 
be given “ rests ”, as in signalling. 
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Batteries . — All that can be said here is that a battery 
is, of course, more powerful in its effects than a single 
cell, and that the cells may be arranged in seri^f^n 
parallel, or a combination of these. 

277. Conductors and Insulators. — We must aistinguish 
clearly betwee.n these. If we rub a brass rod, held in 

^ the hand, with a piece of warm silk, we find it is im- 
possible to electrify it as we did the glass rod. This 
is because the electricity passes along the rod and 
escapes by the hand holding the latter, passing or being 
conducted to the earth through the person’s body. If 
now we fit the brass rod with a glass hancj^e, or wrap 
a sheet of gutta percha or indiarubber round the end 
we grasp, the electricity can no longer escape, and the 
rod becomes electrified. Bodies, then, which, like brass, 
present little resistance to the flow of the current, ar(‘ 
termed conductors, while bodies such as glass, gutta 
percha, indiarubber, &c., which offer great resistance, are 
called non-conductors or insulators. (See also §2.53 as 
to use of insulators; the wires fuist be supported on 
insulators to prevent the cscapc^'of the current and 
“ short-circuiting ”). 

In«electrifying a substance by friction the rubber also 
(as well as the substance rubbed) becomes electrified, if 
proper precautions are taken to prevent the escape of 
the electricity. The human body, it must be Qbserved, 
is a good conductor of electricity. ^ 

278. Effects of Current. — As already referred to, and 
as we have seen in some instances, a current of elec- 
tricity flowing in a circuit produces various effects, ais 
(1) heating the wire if it presents much resistance to 
the passage of the current (§20.5); (2) producing light 
if tfie current is powerful enough (§242); (3) decompos- 
ing certain compounds, as water (§103); (4) deflecting 
a magnetic needle; (5) converting a bar of iron into a 
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•ina^met, called an electromagnet, if the ^vlre, insulated, 
be coiled round the rod (%. 197); (6) producing a shock 
fNiie free ends of the wires from the battery be touched 
simultaneously, and the latter be sufficiently powerful. 
Here the person’s body forms pai’t of the circuit. 

279. Dynamo, Motor, &e. — The main parts of an ejec- 
trieal installation at a colliery ai’c: (1) tlie generating 
plant at the surfac<‘, consisting of dynamo and driving 
engine; (2) tlm cnhles along whicli tlu* cuirent flows, 


thes<‘ being led down the shaft 
and along the drift; and (3) the 
electric motors wliich work the 
underground machinery. Be- 
sides these there are switches for 
s'.x'itching on or oft' the current, 
and other necessary appliances. 
Tliere are now in force, und(*r 
tiU.' Coal Mines Regulation Act, 
spe^cial rules for the installation 
and use of electricity in mines, 



maKUut 


and much can be from a 


consideration of those. Idn* young reader must, at least, 
note such of the rules as directly concern him. 

Very little more can be said here regarding tliis ex- 
tremely interesting subject, electricity. It has been 
mentioned how a magnet may be produced by an elec- 
tric ‘*»i‘urrent. Conversely, magnets can produce electric 
currents, and forming part of every dynamo there is a 
magnet called the field-magnet, and another appliance 
termed the armature. One or other of these is made 


to revolve, according to the make of the dynamo, and 
the result is that the mechanical power of the driving 
machine is converted into eleclJrical power and the current 
passes into the cable. In the mine, or place where the 
work; is to be done, the electric motor, similar in con- 
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structioii to the dynamo, converts the electrical power* 
into mechanical power to work a pump, haulage engine, 
&c. (tig. 108). Thus the power of the driving enginiii«9fi 
the surface can be conveniently transmitted to wherever 
required. 

280. Surveying. — Surveying is defined by an early 
writer as “ the art of ascertaining, by measurement, the 
shape and size of any portion of the earth’s sindace, and 
representing the sjime, on a reduced scale, in a conven- 
tional manner, so as to bring the whole under th<‘ t'ye 



at once”. There are different branches of surveying, 
involving special training and skill on the part of those 
who p*ractise them, and niwe mrveyivg is one of these. 
The work of the mine surveyor can be understood to be 
of great importance and to require the utmost care in its 
performance. 

The surveyor makes a large drawing, or plan, on which 
he shows the position of the workings with regard to 
the surface, and in which, therefore, can be viewed the 
various roads, goaves, &c., all in their proper positions, 
just as the streets, parks, &c., can be seen in the plan of 
a town. The keeping of this plan is made compulsory 
by the Coal Mines Regulation Act. It is drawn to a 
certain scale, and must show the workings up to a date 
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flot more than three 
months previously. When 
a^|f%iine or seam is aban- 
doned, either tlui jdan it- 
or an accurate copy 
of it must be sent to llie 
Secreuary of State. 

Th(' eliief instruments 
used by the mhiv', sur- 
veyoi' ai‘e the 'iiii'iu'rs 
dial or compass (also 
somcitimes ^ banned cir- 
( cm ferenter), theodol ite, 
d 'iiipy level with level- 
iifiy staff, .‘trid chain. 
Each of the two first- 



Fig. IIK) -Aliner’s Dial 


named (tigs. 109-200) is provided with a magnetic 
needle, one end of which, 
when the needle settles in 
a horizontal positior# and 
there is no substaifce, as 
iron, to deflect it, always 
points to the magnetic 
north (not the true or 
geographical north). By 
thi.s property of the needle 
the surveyor is abh* to tell 
the position of the work- 
ings with regard to the 
surface and obtain infor- 
mation necessary for the 
making of his plan. Fig. 200 -Theodolite 

By means of the dumpy 

level (fig. 201) and staff the difference of level between 
any two places in the mine can be ascertained, the 
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particulars thus obtained enabling the manager to tel! 
how much cutting or banking is necessary to make a 
road of uniform gradient, whether it is possible t#^e 
a siphon in a particular place, &c. 

The chain is for measuring distances. It is sometimes 
termed Gunters dtain after Edmund Gunter, who in- 
vented it in 1620. It is 4 poles (therefore sometimes 
termed the “ four-polo chain ”) or 22 yd. in length, and 
accordingly there are 80 chain lengths in a mile, 10 
sq. chains in an acre, and 6400 sq. chains in a square 

mile. It is made up 
of 100 lipks, there- 
fore each link me.a- 
suros 7'92 in., and 
there are 100,000 s(j. 
links in an acre. The 
length of the chain 
and number of links 
thus, it will be seen, 
Isifford facility in cal- 
(Hilating areas, this 
being the reason why 
the inventor chose the 
particular length and number of links. For surface 
measurements a chain 100 ft, in length, called the 
“100-ft. chain”, is sometimes used. ^ . 

281. Accidents. — The special rules (§ 279) indicate the 
means that must be adopted to prevent fires and injury 
to workmen from the use of electricity in mines. But 
shocks are sometimes received by persons carelessly, or 
through ignorance of the danger, coming in contact with 
cables or parts of the electrical machinery. If a shock 
is stfvere enough fatal results ensue. Care must be taken 
to protect horses. A horse has been known to bite 
through the insulation of a cable and receive a shock 
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tvhich killed it. A person going to the assistance of 
anyone (oi' of a horse) who has received a shock must 
^TOUl against receiving a shock himself. 

In regard to accidents in general much has been done 
to reduce the proportion of these, and with the adoption 
of improv(‘d nuithods which result with the passage* of 
time, faithful observance of rules, and care, such as , 
lias been already indicat(‘d, much doubtless will yet be 
done. Miners shoiild clearly understand that the rules 
have been framed for their safety; and a miners’ repre- 
sentative ill Parliament, addressing miners in regard 
to the imjjortance of learning and obeying the rules, 
Sedd; “No man has the right to take his own life, much 
le s endanger the lives of others. Let it be recognized 
among you that no man known to be careless in the 
observance of the law is worthy to work in the mines.” 

282. Eescue Appliances. — Within the past few years 
attention has been drawn to the use of breathing 
appliances in mines, designed to enable a person to 
explore a mine aftA- an explosion, or assist in ex- 
tinguishing an undwground lire, without incurring the 
risk of breathing the poisoned atmosphere. There are 
different types of breathing appliances. In on^ the 
exhaled air passes into a bag (front, fig. 202), where 
the carbonic gas and moisture, which we know are 
^ven off by all persons, are absorbed. Forming part 
of ^ the apparatus are cylinders containing a store of 
highly compressed oxygen (back, fig. 202), and the neces- 
sary quantity of this gas mixes with the air, which has 
been freed from the carbonic acid gas, before it is again 
inhaled. The nitrogen is thus inhaled over and over 
again, but the supply of oi^ygen becomes gradually 
exhausted. • 

It will be evident that great care and skill are neces- 
sary in the use of such appliances, and it has been 
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proposed that rescue stations should be fitted up in 
central places where men would be specially trained. 
This has been done in some cases. 



Fig. 202.— Tljo "Pneunjatophore” Rescue Appliance 


283. Ambulance Work. — This means, in short, the 
ability to render “first aid” to any injured person, 
perstins suffering from electric shock, or from the in- 
halation of noxious gases. It is evident that such 
knowledge must prove very valuable in many cases, 
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and all young miners vshould therefore acquire it. By 
the Coal Mines Regulation Act ambulances or stretchers, 
wl^ikplints and bandages, must be kept ready for im- 
mediate us(* at all mines (C.R. 34), and instructions as 
to the restoration of persons suilering from (dectric 
shock are r(‘(|uir(‘d to be posted up in every gen«- 
rabing, transforming, and motor house. 

284. Ankylostomiasis. — Another name for this disease 
is “miner’s amemia’. It is' due to a species of worm, 
sometimes termed the “ miner’s worm ” wliich lodges 
in the upper part of the small intestine. The eggs 
prod’Kted tl^ere by the female worm ai’e deposited in 
th ' ffBCes of the infected person, leading to the infection 
ol ither persons. The disease is eomnion among the 
iiuners of some foreign countries (it is said to have 
been practically stamped out in Germany, but at enor- 
inoLis cost), and is known to have existed in Cornwall. 
(Jertain conditions of warmth and moisture are favourable 
to the hatching of the eggs and development of the 
larva3, and these conej^tions do not exi.st in all mines. 
No case of infections has been discovered in the coal 
mines of Britain. 

To atop the spread of the disease, or prevent risk 
of infection, the pollution of the ground in mines has 
to be avoided, The management of the mine will decide 
^at sanitary precautions are necessary, but, whatever 
“^nese are, miners for their own sake must carefully 
observe them. 

285. Baths. — At .some collieries at home, and many 
abroad, arrangements are made whereby the miner 
washes or bathes himself on ascending to the pit-bank. 
He leaves his pit clothes at the pit, where they are 
dried, if wet. He thus proceeds to and from the^it 
in clean, dry clothing, This adds greatly to the comfort # 
of the miner, and makes his home life more pleasant. 
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Accidenis, prevention ol from f. ’K ot 
ground, 175, Mncrally, a8i— sec also 
m 8, 126-7, '65, 174, ^03-t>, 

aoS'io, 217, 229, 245-7, ^53t 278. 

Ai ’ Loal Mines Regulation, 'la See 
i*r face. 

Adu-levels, #72. 

Afterdamp, ai6. 

Air, composition of, 198, 200, compressed, 
54, cro!»sings, 234, current, production 
ol, 236; distribution of, 228, doors, 229, 
nieasur ng the, 241, pipes, 235, qimntity 
required, 227, splitting the, 232, vessels, 
225, yitiatiun ,f, 227. weigh>ng,^86. 

Airways, 231 ^ 

Alabaster, 100 

Ambulance work, 283 

Anemometer, 241. 

Ankylostomiasis, 284 

Arching, 155. 

Atmosphere, height of. 218 . pressure of, 
218-9. 

^^mS, 212. 

llarometer, 219-ai, at mines, 22.> 

Basalt, 16, 69, 1O4. 

Baths, 285. 

Blackdamp, 213. 

Blasting, blown-out shots, 209; boring shot- 
holes, 202, 209; charging and firing, 203, 
209: electric, 126, 205, gelatine, 208, 
miss and hang fires, 204, powder, 208. 
premature firing, 204; simultaneous, 206, 
substitutes for, 21 1. 

Boiling-points, 181. 

Bord and pillar, 156-65, 168. 


lioiiiig, 108, diamond, no, machines, 126, 
148, 202, ordinary, 109, percussive, 108: 
rotary, no, shafts, 125, shot-holes, 202, 
209 

Hoiildcrs, 29, 

Brattice, 235, 174 
Breccia, 98, fault, 63. 

Buildings or packs, 167 

Cages, 259, 258, s.'ifcty, 262 
Cainozoic group, 77-8 
Carbon, 58, 84, 197, dioxide, 187, 189, 
io6, 200, 212-3, monoxide, 187, 214, 
215-6 

Carboniferous formation, 78-80, 84-7, lime- 
stone, 49, 85. 

Caves, bone, 23, old sea, 36 
Centrifugal fans, 238 
Ch.dk, 40. 

Chemical, action, 194-6, affinity, ^4, and 
physical changes, 191, combination, 193, 
194, compounds, 192-3, clemeiils, 19a; 
symbols (formulae), 212 
Chocks or cogs, 151, 165, 167 
Chokedamp, 213. 

Clay, boulder, 28, china, 93: common, 93: 

fire, 87, ironstone, 101: under, 57. 

Cleat, 104, 162, 167. 

Cleavage, 103 
Clinometer, 53 

Coal, ash in, 99 ; " bmsses " in, 62 , com- 
position and formation of, 56-9; con- 
veyors, 173; cutting machincss, 170-a; 
dust, 209. 217. holds (basins), 4, 8(^ how 
found, 17, 50, 53, measures, 85; methods 
of working, 156-69, output of, 3, pre- 
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paration of, 265, proving existence, &c , 
of, 107-10; seams, irregulariues in, 60, 
splitting, &c , of, 61 : variations in quality, 
&c., of, 62: varieties of, 58, 99, weigh- 
ing the, 264. 

Cohesion, 180. 

Coke, 99. 

Combustion, 196 , spontaneous, 62. 
C*uductors, 13s, 261. 

Conglomerate, r?, 46, 90. 

Creep, 159 
Creeper chain, 267 
Crystallization, 6y. 

Dams, 270. 

Deltas, 44. 

Denudation, i8-ai, 24-34 
Dip, S 3 . 143 - 
Dolomite, 10a 
Dolorite, 69. 

Double-stall, 169 
Drainage of mines, 270-2. 

Drums, sinking, 12a. winding, 256 
Dumpy level, 280 
Dykes, 71-2 
Dynamite, 208 

Earth, internal temperature of, 11-4, 75 - 
crust of, 8, 10, 1 1 , movements of crust, 
10, 35-42, rocks forming crust, 15-7 
Electricity, 273-9, applications. 126, 148, 
172, 205, 242, 245, 252-3, 255, 260, 271-2, 
279. 

Elevators, 268. 

Endless-ch.un haulage, 252. 

Endicst-rope haulage, 252 
Exploring drifts, 174. 

Explosions in mines, 209, 216-7. 
Explosives, action of, 207: composition of, 
208, permitted, 210: use of in .sinking, 
126, in breaking down coal, 147; m 
stone drifts, 148 

Fans, 23B, 

Faults, 42, 63-7. 

Fireclay, 87. 

Firedamp, ai6, testing for, 248, indicators, 
248. 

Flint, 100, 

Fluitf*, 179- 

Formations or systems of rocks, 78. 
Fossils, 47, 76-7. 8 *“ 3 . ^05 


Furnaces, 237. 

Fuse, 203-6. 

Canister, 87. 

Garlands, 133. 

Gases, 177, compressibility of, 179, ex- 
pansibility of, 178. specific gravity of 
mine, 187. 

Gate roads, 167 
Gelatine-dynamite, 208 
Gelignite, 208. 

Geological, maps, 8i, sections, 52. 

Girdeis, 144, 154- 
GLaciers, 27-9 
Gneiss, loa. 

Goaf, gob, or waste, 157. 

Gr.idicnt, keeping the, 143 
Granite, 69 

Gravity, 188 ^ 

Gnt, 97, millstone, 85 
Gunpowder, 208 
Gunter’s chain, 280. 

Gypsum, 100. 

H.aulage, 251-3 

Headgear, boring, 109: winding, 257 
Heat, general effects of, 181, nature of, 
183; transmission of, i8a 
Holing, 14C, props or sprags, 147, 175 
Horse haulage, 251. 

Horsey-him or gin, 254. 

Hniche%or tubs, 249. ^ 

Hydrogen, aoi, carburetted, 187, 216; sul- 
phuretted, 187, 215. 

Hygrometer, 200. 

Intrusive sheets or sills, 71-a, 

Iron and steel supports, 144, 154. 
Ironstone, 87, 101 

Joinliiig, 104. 

Keps, 259. 

Kibble or kettle, 117. 

Levelling, 280. 

Levels, 140-1. 

Lids, 150, 175- 
Lighting, methods of, 242. 

Lime cartndge, an. 

Limestone, 49, 85, 100. 

Liquids, 177. 

Loam, 95. 

Locomotives, 252. 
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lodgments, 133, 136, 272. 

Longwall, 156, i66-68 

and tail-rope haulage, 853. 
Main-^e haulage, 252 
iManiul haulage, 251 
Maibic, 102 
Mail, 06 

Mailer, 176-7, iBo, 185-6, 189. 

Mechanical inixtureb, 195. 

Mesozoic group, 77-8. 

Muierali, 73. 

Miners dial, a8o 
Molecules, 176. 

Moraines, 27. 

Natural ventilation, 336, 339. 

N ickiiig or shearing, 147 
Nip-outs, 60 ♦ 

N itrogen, 198, 

Nitio-glycerine explosives, 308 

hi',,rop, 55 , headings or drifts, 107. 
Overwinding, prevention of, 255, 263 
Oxygen, 193, 198-9. 

I’aiks or buddings, 167 
l'.iljcozoic group, 77-8. 

I'eat, 58 

Pillar and stall, 156-65 
Pillars, shaft, i ^9, in workings, 1I7-8, ex- 
tracting, 164-5 0 

Pitbank or pithead, 267 
Plumb- or T-bob, 143. 

Post and stall, 156-^51 i68 
Prospecting, 107 

Pumps, 333-5, 373 , in sinking, 132 

Quartzite, loa. 

^kils, sleepers, 250 
Ravines, 9, 26. 

Regulators, 233. 

Rescue appliances, 282 , stations, 2B3. 
Roads, main, 138-55: side, 167, gauge of, 
B50. 

Rocks, iqueous, 46, 89; arenaceous, 91 ; 
argillaceous, 91 , calcareous, 93 ; car- 
bonaCeous, 93 , chemically-formed, 100 ; 
cleavage of, 103 , dislocation of — see 
Faults , determination of relative ages 
of, 76, 8a; foliated, tot; fossiliferous, 
70; igneous, 6B-70, joints in, 104, lami- 


nated, 94; mechanically-formed, 90; meta- 
morphic, 10a; organically-formed, 48; 
sedimentary, 46, stratified, 46, 51 
Rock salt, 100. 

Rolls, 60 

Ropes, winding, 358, counterbalandng, 
363. 

Safety lamps, 243-8. 

Safety valve, 181. 

Sand, 73. 

Sandstone, 17, 46, 73, 97. 

Schists, 102 
Screening coal, 268 
Sediment, 43, 46 
Self-acting inclines, 251, 

Serpentine, 102 

Shaft, pillars, 139, sidings, 144; signalling, 
260 

Shafts, damming hack water in, 134, forms 
and sires of, 114, number of, 112, posi- 
tion of, 113, sinking and securing cip 
cular, 115-34, rectangular, 135: special 
methods of sinking, 120-5 
Shale, 17, 46, 94. alum, 87, oil, 87 
Shearing or nicking, 147 
Signalling, on haulage roads, 353; m wimi- 
mg, 360 
Sills, 71-3 

Single-rope haulage, 252. 

Single-stall, 169. 

Sinking, See Shafts 
Siphon, 226 
Slate, 102-3. 

Slickensidcs, 63. 

Soil and subsoil, 33, 21, 

Solids, 177. 

Sprags or holing props, 147, 175. 

Springs, 21. hot, 13 

Stalactites and stalagmites, 22, 100. 

Steam and the steam engine, 183 , winding 
engines, 255. 

Steam-jet, 236, 339. 

Stone drifts, 148. 

Stone-hc.id, 116 
Stoop and room, 156-65. 

Stoppings, 230 

Strata, conformable, 88 ; contorted, 40; 
^urved, 39, dip of, 53, 143. inverted, 41, 
outcrop of, 5.,, order of succesHon of, « 
77, 80: sections of, 5a, 81 ; outcrop of, 
55 
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ptt?st steps in coal mining 


Stratification or bedding, 45, 51. 

Strike, 54. 

Sulphur, 62, ig7. 

Sump, 136. 

Surface arrangements, 266, 

Surveying, 280. 

Swcllies, 60 

Teirrperature, 181. 

Theodolite, 280. 

Thermometer, i8i, m rocks, ii 
Thrust, 159 
Timber, 152-3 

Timbering, roads, 150, working places, 
150, 161, 165, 167, 175, drawing timbers, 
165 

Tipplers (tumblers, kickups), 267-8. 
Travelling belts, 268. 

Tubbing, 134 

Tubs, coal, 249: water, 217, 271 


Unconformities, 88 

Underclay, 57, 87 

Valleys, 26, 34 

Vaiwiir, 180, water vapour in air, 0 k>. 

Ventilation, 227-41, 

Volcanoes, 13, 68, 70 

Washing coal, 268. 

Washouts, 60 

Water, baircls, 132 . damming back, in 
shafts, 134, in mines, 270: entering the 
mine, 260 , gauge, 240 , in rise and in 
dip workings, 271, level, 141 . ring, 133, 
standage, 133, 136, 272, tubs, 217, 271, 
winding, 272. 

Waterfall, ventilation by, 236, 239 

Wedge, and feathers, an; multiple. 211, 

Weight, 186, 188 ^ 

Winding, 254-63 

Workings, draining the, 271, old, 174. 








